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ABSTRACT 
 
INTRODUCTION 
Health data in low- and middle-income countries are often inconsistent and of poor 
quality, or simply non-existent. This impedes the ability of countries themselves and the 
international community to arrive at a precise understanding of national burden of 
disease patterns. The sophisticated statistical modeling and projection methods used 
internationally to compensate for missing country data cannot provide more than ‘best 
estimates,’ with no possibility of verifying their outputs. The result is continuing 
unnecessary morbidity and mortality, often in children under five years of age, as data 
deficiency translates into insufficient information to guide policy and technical 
interventions, and to enable prioritization in resource dissemination. 
This research therefore aims to assess the quality and quantity of data available at 
country level for the purpose of estimating the burden of disease. It highlights the 
frequently weak and fragmented nature of what data is present, together with capacity 
deficiencies at both institutional and individual level to gather, analyse and interpret 
health and related data. A particular focus is placed on assessing the burden of disease 
attributable to environmental risk factors, specifically for unsafe water, sanitation and 
hygiene, together with those elements of malnutrition deriving directly from these 
factors. Combining these two sets of risk factors to derive estimates of their burden of 
disease at country level is a new approach and not yet undertaken by countries. 
METHODS 
Case-study is the central method used. Two country cases (Uganda and Mozambique) 
were selected by convenience sampling as WHO missions on related topics were taking 
place at this time. Detailed information on institutional and individual data 
understanding and capacity was obtained through semi-structured interviews. Extensive 
evaluation or assessment of existing data and internationally applied methodologies has 
also been carried out to demonstrate the extent and impact of the present data 
weakness and paucity that form the rationale for carrying out this work. Other cases 
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have been used to demonstrate the synthesis of water, sanitation and hygiene statistics 
and methods with those of malnutrition. 
RESULTS 
Enabling a move from globally generated estimates based on limited national data in 
which country users have little confidence, to better quality and reliable statistics based 
on stronger national data is the root of this study. Having clarified the health impacts of 
data deficiency, its principal contribution is the development and testing of a tool to 
overcome these deficiencies, offering country users a way to radically improve their 
national data systems.  
A prototype National Burden of Disease (NBD) Toolkit had earlier been developed by 
WHO but had operational weaknesses and hence poor uptake by countries. Moving 
from problem analysis to problem solving, this study has devised a method of linking the 
various spreadsheets comprising the NBD, creating a logical, simplified, and systematic 
interface between its elements and thereby making it easier and more appealing to the 
user. The tool, with its user-friendly interface, can thus now become a suitable support 
to national-level burden of disease estimation work, and contribute to creating further 
awareness of the value of timely data and their role in health development.  
DISCUSSION 
The present scope of work with the tool and interface fills a pressing gap, yet is 
limited. Further testing in a wider range of countries in different geographic regions is 
needed. Nonetheless, the initial results and growing uptake give confidence that this 
and similar future approaches will fall on fertile ground. As country-level institutions 
become more accustomed to using tools of this kind to fill long-standing data gaps and 
quality issues, it can be anticipated that they will feel greater confidence in their own 
data, reduced reliance on internationally-generated estimates and projections that are 
frequently not well understood, and an increased sense of ownership over the national 
process. 
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CONCLUSION 
Greater capacity and confidence in the domain of data management will feed directly 
into health research and improvements in health planning and interventions. Key among 
these are improvements in access to safe water, sanitation and hygiene – an area in 
which data are notoriously elusive. As the world now moves towards a revised global 
framework for development goals and targets after 2015, a stronger and more effective 
evidence base is more critical than ever.  
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Chapter 1 Introduction 
 
1.1 Background 
Nearly 60 million people die in the world every year and many more suffer from ill-
health (WHO 2008a). A disproportionate amount of this burden falls on children aged 
less than five years of age, particularly in developing countries (Pronczuk de Garbino et 
al. 2011, Liu et al. 2012). Yet, a large number of these deaths and the suffering endured 
can be prevented, notably through the reduction of environmental risk factors, such as 
for example, the provision of safe water, sanitation and hygiene which is associated with 
many infectious diseases (Prüss et al. 2002, Prüss-Üstün and Corvalan 2006, Fewtrell et 
al. 2007, Prüss-Üstün and Corvalan 2007, WHO 2007, Prüss-Üstün et al. 2008, 
Waddington and Snilstveit 2009, Prüss-Üstun et al. 2014).  
Over the last 20 years, the reduction in the burden of diarrhoeal disease and the 
fraction attributable to inadequate water and sanitation is reported to be considerable 
(Clasen et al. 2014). Despite progress, a recent study by Wolf et al (2014) report that the 
global burden of diarrhoeal disease from inadequate water, sanitation and hygiene 
(WASH) for the year 2012 still cause 842’000 deaths in low and middle income 
countries, representing 58% of total diarrhoeal deaths, and 1.5% of the total disease 
burden (Wolf et al. 2014). Added to this is the fact that an estimated 748 million people 
lack access to an improved source of drinking-water and 2.5 billion people lack access to 
sanitation (WHO/UNICEF 2014). This is unacceptable.  
Yet nearly two thirds of these deaths worldwide are unregistered (Setel et al. 2007). 
This is the equivalent of, for example, two-thirds of the French population (63 million) or 
nearly the entire Spanish population (46 million) in 2010 being unaccounted for (UN 
2012). A considerable knowledge gap regarding the number of deaths, i.e. the 
underlying evidence base, makes any estimates of the burden of disease and the burden 
attributable to risk factors fraught with uncertainty, leading to the use of statistical 
models and assumptions to derive the estimates reported above. 
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1.2 Introduction 
The current study assesses the available underlying sources of health data, and 
examines current global and country approaches used, with a view to identifying 
barriers and possible strategies to overcome challenges when estimating the burden of 
disease and the associated risk factors. It focuses particularly on the burden of disease 
from malnutrition and associated burden of unsafe water, sanitation and hygiene, 
undertaken here for the first time. The methods used in this work are principally case-
study. Two major country case-studies (Uganda and Mozambique) are used, selected by 
convenience sampling as WHO missions on related topics were taking place during the 
course of this work. Detailed information on institutional and individual data 
understanding and capacity was obtained through semi-structured interviews. 
Beyond traditional research methods, it has been necessary to evaluate or assess 
extensive amounts of national and international level data, and to critique current 
methodologies, in order to demonstrate the impact of the present data weaknesses and 
scarcity which is at the heart of the study. This research study compiles for the first time 
a large body of evidence on approaches and practices used to apply burden of disease 
methods. The development of a user-friendly interface to enable and facilitate data 
collection, handling, and analysis in the context of National Burden of Disease exercises 
represents a means of contributing to new knowledge, and in the medium to long -term, 
an enhancement of national capacity to combat major public health and environment 
challenges. 
1.3 Significance in the wider context  
In the year 2000, at the Millennium Summit of the United Nations, 193 member 
states and more than 23 international organizations signed the United Nations 
Millennium Declaration, and committed to achieving the Millennium Development 
Goals (MDGs) that emerged from the Declaration by 2015 (UN 2000, UN 2013a). These 
goals range from eradicating poverty and hunger, combating the spread of the HIV/AIDS 
epidemic, malaria and other diseases, providing universal primary education, promoting 
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gender and equality and empowering women, reducing child mortality and improving 
maternal mortality, ensuring environmental sustainability to fostering global 
partnerships for development (UN 2013a).  
In the area of water and sanitation, the Joint Monitoring Programme (JMP) on Water 
Supply and Sanitation is the official monitoring mechanism for reporting progress 
towards the water and sanitation related goal of ensuring environmental sustainability 
(MDG 7, Target 7c). The JMP reports provide on an annual basis estimates of the 
proportion of the population without access to safe drinking-water and basic sanitation, 
with the latest results published in 2014, relying on available information at national 
level e.g. censuses or national household surveys conducted by national statistics offices 
(WHO/UNICEF 2014).  
The endorsement and commitment around these eight goals has had an 
unprecedented effect on the development of health and development initiatives at all 
levels and donor investments towards accelerating efforts to reduce child mortality 
through, for example, improved health care, provision of safe water and sanitation and 
improved nutrition. In order to accelerate progress towards the MDGs, the Finance 
Ministers of the G-8 countries agreed in London in 2005 to provide enough funds to the 
World Bank, the International Monetary Fund (IMF) and the African Development Bank 
(AfDB) to help cancel debts owed by some of the most indebted countries in the world 
allowing them to re-channel funds towards programmes for improving health and 
education (GoUK 2005). Other initiatives include the International Health Partnership 
(IHP+) set up in 2007. The IHP+ aims to accelerate progress towards the health MDGs by 
putting international principles for aid effectiveness and cooperation into practice and 
supporting a country led national health strategy (IHP+ 2007). Other more recent 
initiatives include the “Muskoka Initiative on Maternal, Newborn and Child Health” 
launched by the Government of Canada and its G-8 partners in 2010 (GC 2010), and 
recently the United Nations Secretary General’s “Global Strategy for Women’s and 
Children’s Health” launched at the UN Leader’s Summit for the Millennium Development 
Goals in 2010 (WHO 2010a). 
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Achievement of the specific MDGs to reduce child mortality by two-thirds from the 
1990 rate very much depends on sustained efforts to prevent and control diarrhoea, 
primarily caused by unsafe water, sanitation and hygiene, pneumonia and malnutrition, 
which are some of the major causes of death and ill-health in children under five (Liu et 
al. 2012). However, to be able to monitor progress towards the MDGs and with respect 
to the post-2015 development agenda that is being discussed, good quality and reliable 
information is necessary, which unfortunately is difficult to find. Health information 
remains patchy and considerable data gaps exist making it difficult to adequately 
monitor and measure achievement towards the MDGs (Murray et al. 2004, Boerma and 
Stansfield 2007).  
Since the Millennium Declaration, there has been continuous and increasing demand 
at all levels for data and improved evidence in the health sector, whether the purpose is 
to monitor health, to help guide policy, or to track performance and evaluate effective 
interventions (Murray et al. 2004, Boerma and Stansfield 2007, Chan et al. 2010). The 
demand for increased statistics to allow tracking of progress in health status 
improvements, for improved decision-making and adequate allocation of government 
resources, but also donor funding was once again highlighted by the call for action on 
health data from the leaders of eight Global Health Agencies, including agencies such as 
the World Health Organization (WHO), the Global Fund to Fight AIDS, Tuberculosis and 
Malaria (GFATM), the Global Alliance for Vaccines and Immunisation (GAVI), the United 
Nations Population Fund (UNFPA), the World Bank, the Joint United Nations Programme 
on HIV/AIDS (UNAIDS), the United Nations Children’s Fund UNICEF and the Global 
Health Program of the Bill & Melinda Gates Foundation (Chan et al. 2010). The demand 
is at sub-national, national, regional and global levels, and comes from governments, 
non-governmental organizations, international organizations and donors. However, 
many country health information systems (HIS) are weak, and are unable to supply 
adequate data to monitor health (Boerma and Stansfield 2007, Boerma and Abou-Zahr 
2007). This is particularly the case in low and middle-income countries that require 
supportive health systems. In these countries, data is often lacking, or if it is available, it 
is of poor quality and cannot provide the information required (Boerma and Stansfield 
Page 24 of 248 
 
2007, Mahapatra et al. 2007, Setel et al. 2007, Walker et al. 2007). The case for good 
quality data is even stronger in light of the discussions leading up to the new Sustainable 
Development Goals (SDG) framework to be adopted towards the end of 2015, which 
includes 17 goals and potentially 169 targets compared to the eight MDG goals and 18 
associated targets (UN 2013a, UN 2015) 
The consequences of untimely data, i.e. data that are out-of-date, are likely to have 
devastating effects in the short-term, such as in disease outbreak situations where real-
time data is required to take necessary action. Effects of out-of-date data can also be 
felt in the long-term and can have further and potentially even more serious 
consequences across the population, especially when health planning decisions and 
actions are based on poor evidence within the system. Lack of understanding around 
sound collection and reporting of health data is one of the major constraints when 
aiming to strengthen HIS and improving decision-making for better health at country 
level. Another major constraint is the lack of institutional capacity, both in terms of 
human resources and appropriate training to manage, analyse and synthesize the data 
adequately (AbouZahr et al. 2007a, Boerma 2010). A case study example for Uganda on 
institutional capacity is presented in section 3.2.7. 
Various tools, guidelines and best practices exist to allow countries to assess 
population health status, to monitor health trends and to evaluate the quality of 
mortality data. Tools for use at country level are regularly produced and updated by 
international organizations, nongovernmental organizations and academic institutions, 
for example to assess national or sub-national burden of disease or environmental 
burden of disease. However, institutions at national level often lack the capacity and the 
data to make optimum use of these tools and methods (AbouZahr et al. 2007a, Boerma 
2010). While individual skills and abilities may be strong, institutional capacity can be 
weak, lacking both infrastructure and the reliable registration systems needed to 
produce good quality information (WHO 2011a). Comprehensive and transparent 
mechanisms to facilitate the sharing of information between national stakeholders are 
rarely in place, especially in low and middle income countries highlighted through case 
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studies in this thesis. These deficiencies prevent countries from making effective use of 
their own data for health policy planning. Additionally, the lack of a supply of available 
statistics makes any donor investments or support from the global community 
challenging. 
As a result of the major gaps in data and its poor quality, considerable work has been 
invested at a global level in developing estimates of the burden of disease over the last 
20 years. This work was instigated and has been led by Christopher Murray, Alan Lopez 
and others (Murray et al. 1994, Murray and Lopez 1994a, Murray and Lopez 1994b, 
Murray and Lopez 1997a, Lopez and Murray 1998, Morrow et al. 1998, Murray and 
Lopez 1999, Murray et al. 2000, Murray et al. 2002, Ezzati et al. 2003, Ezzati et al. 2004, 
Lopez et al. 2006a, Lopez et al. 2006b).  
Burden of disease estimates developed at global level aim to make use of data 
available at country level to provide comparable and consistent descriptions of 
population health, notably in terms of disease and injuries, and risk factors that affect 
populations in countries across the world (Walker et al. 2007, AbouZahr et al. 2007a, 
Mathers et al. 2009, Boerma et al. 2010). These estimates have proved to be invaluable 
at many levels, particularly at the international level, for prioritizing investments and 
action of the global community (i.e. external support agencies) in countries. However, it 
is unclear to what extent estimates have been used as inputs to national health 
decision-making and planning processes at country levels. Disease, death and injury 
estimation remains primarily driven by donor agencies and foundations rather than the 
recipient countries (Shibuya 2008). Nonetheless, lack of transparency has created a 
major rift between the international community involved in these estimates and the key 
stakeholders at country level who are not given the means to understand what data has 
gone into the estimates, nor the methods used, resulting in a lack of trust in the 
estimates by government officials or data users (Walker et al. 2007). This rift has 
become even greater since the launch of more up-to-date estimates in December 2012 
by Murray and his group (the Global Burden of Disease 2010 project), resulting in at 
least two sets of estimates at global level, often with considerable differences (Alkema 
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and You 2012, Lim et al. 2012, Lozano et al. 2012, Wang et al. 2012, Murray et al. 
2012c). Two sets of estimates for child mortality or differing numbers of total child 
malarial deaths in a specific country certainly feeds the academic debate on methods 
and data used. But it certainly does not serve countries and those that need reliable and 
good quality information for improved planning to save lives.  
The major data gaps, and the estimates that are developed to overcome these gaps, 
raises the uncomfortable question of whether what has been or is currently being 
reported by countries and/or international organizations is providing a “realistic” picture 
of population health, particularly child health and how far we are from this more 
“realistic” picture. No matter how sophisticated the statistical model might be, if the 
input of raw data is of poor quality and unreliable, as is often the case in low and 
middle-income countries, then the outcome data is likely to be equally unreliable. This is 
particularly the case in Sub-Saharan Africa where the lack of data, especially in the 
absence of vital registration, is alarming. As noted by Cooper et al (1998) in their article 
relating to the disease burden in sub-Saharan Africa: “Since there are no data, the 
numbers are guesstimates: representation of reality formed from models, extrapolation, 
and common sense, constrained largely by the need to avoid conflict with previous 
estimates. Health statistics in the absence of vital registration become part of a hopeful 
fantasy in which the basic measures of life are quantifiable in all societies.” (p.208). As 
noted by Walker et al (2007), estimates are, by definition, imprecise. He further notes 
that each stage of the process of developing estimates, i.e. transforming raw data to 
final estimates, includes uncertainty and assumptions at each step, this simply amplifies 
any unreliability (Walker et al. 2007). The unreliability resulting from estimates further 
poses the question of whether the right investments are being made in terms of health 
planning, prioritization and donor investments are being made. Providing answers to 
these questions is challenging and may not yield definite results. Nonetheless, assessing 
the current status and mechanisms around collection and reporting of health 
information, exploring the sources of data, discussing the need, the advantages and 
disadvantages around estimate development, and providing a potential solution to help 
bridge some of the major data gaps and poor data quality issues encountered at country 
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level, may assist in taking a step closer towards a more “realistic” picture of 
understanding how, from what and where children are dying. 
1.4 Problem statement 
The ability to assess the burden of disease – i.e. establishing the cause of death, and 
knowing who suffers from what diseases, and where, provides crucial information on 
morbidity, mortality and disability, and more generally on the health status of 
populations - is a pre-requisite for sound and evidence-based health planning and 
decision-making (Murray 2007). Such information is critical in setting health priorities 
for decision-makers and policy-makers at country and sub-national level, but also 
informs donor investments. However, data in low and middle-income countries are 
often inconsistent and of poor quality preventing country health officials and decision-
makers from gaining a reliable and clear understanding of population health at country 
level based on national available information.  
Tools and methods to assess the burden of disease from a whole range of 
environmental risks exist (WHO 2013a). These range from assessing exposure to lead, 
indoor air pollution, poverty, unsafe water, sanitation and hygiene, malnutrition and 
climate change among others (Fewtrell et al. 2003, Prüss-Üstün et al. 2003, Desai et al. 
2004, Blössner and de Onis 2005, Campbell-Lendrum and Woodruff 2007, Fewtrell et al. 
2007). However, institutional capacity at country level is usually weak (WHO 2011a), and 
information frequently of inadequate quality or unavailable to apply burden of disease 
methods to determine population health. An accurate picture of population health 
therefore remains elusive, which in turn impedes the targeting of programmes to those 
most in need through priority-setting and allocation of resources based on a true 
understanding or realistic picture. 
For these reasons, efforts at the global level to produce comparable estimates across 
health outcomes and risk factors for all countries of the world have been under way 
since the mid-1990s (referred to as global estimates hereafter). This is done by 
combining different data sources to obtain burden of disease estimates (Murray et al. 
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2003, WHO 2008a) . These are then used to compare health outcomes across countries 
and regions (WHO 2008a). Estimates produced in this way are mainly of interest to 
global stakeholders such as international organizations, academic institutions or donor 
agencies (Shibuya 2008). Such estimates rarely serve the needs of countries, where they 
are poorly understood, often perceived as irrelevant, and generally not used, as 
highlighted by Walker et al (2007). Walker et al (2007) say in their article on interpreting 
health statistics for policy-making: “Few public-health decision-makers are provided with 
adequate information or are equipped with the technical skills needed to assess the 
quality of an estimate.” (p.958).  
1.5 Aim 
The current research shows that current health data available at country level, 
notably in low-income countries, is fragmented, of low quality and capacity for data 
management is weak. A number of constraints faced by users at country level are 
identified through case studies and possible strategies are explored for assessing the 
burden of disease. An assessment of the burden of disease attributable to 
environmental risk factors, specifically for unsafe water, sanitation and hygiene, 
including malnutrition is presented, highlighting challenges and barriers encountered by 
users when undertaking a burden of disease study. In order to overcome the identified 
barriers, the development of an operational user-friendly data management system is 
proposed to support countries in compiling the data required to assess the national 
burden of disease and associated risk factors while concurrently overcoming data gaps 
and weak data quality. The interface developed as part of this study is piloted, evaluated 
and reviewed to improve its operationalization. 
The overall purpose of the interface developed for the data management system is to 
support the use of this series of spreadsheets providing a user-friendly and easy access 
tool - in other words a national burden of disease (NBD) toolkit - to facilitate burden of 
disease assessments. The interface helps to link and highlight within the spreadsheets 
what data is missing on the country’s side, while enabling the interim use of prior WHO 
country estimates where gaps at national still exist. The next long-term step for a 
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country is to work towards filling the gaps in data and hence completing the health 
evidence base. Ultimately, it will be possible to assess the national burden of disease at 
national level relying entirely on country sets rather than estimates produced at global 
level. 
1.6 Objectives 
Health information feeds into not only country annual reviews or assessments but 
also into global estimates. Such information is critical for improved health planning and 
decision-making. Firstly, the main data sources and some major constraints faced by 
countries with their national-level data - namely institutional capacity and data quality - 
are discussed. Case studies are undertaken in Mozambique and Uganda, taking 
opportunity of WHO professional missions in these countries. The development of the 
toolkit interface and its role in assisting data managers at country level improve their 
systems for better burden of disease assessment is then discussed. The NBD toolkit aims 
to improve data quality. Through this operational interface, the outputs will inform 
policy, help inform the health research agenda, assist in guiding interventions, and, 
contribute to the improvement of the availability, quality, and harmonization of national 
data. In turn, better data at the country level will help improve global estimation 
processes. Ultimately, the objective, through the use of the toolkit, is to help improve 
capacity while providing users with ownership of their own data and allowing 
environmental burden of disease assessments to be carried out with more realistic 
results. 
The specific objectives of the research are: 
i. To assess the evidence base used in health statistics; 
ii. To identify specific barriers encountered in assessing available data for burden of 
disease estimation in a selection of countries where data are lacking or where 
data are unreliable (Case study 1: Assessing data quality in Mozambique and Case 
study 2: Assessing institutional practices and capacity in Uganda); 
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iii. To explore how the barriers identified around data and capacity make the 
application of globally developed tools to assess the burden of disease in low and 
middle income countries challenging; 
iv. To develop a user-friendly interface for the NBD toolkit to overcome the barriers 
identified in the original prototype but unusable series of spreadsheets (ii) ; 
v. To pilot test the toolkit interface in three regional analytical workshops. 
1.7 Hypothesis 
The hypothesis is that the development of an operational user-friendly data 
management system, such as the NBD toolkit, will help improve awareness of the need 
of health data, raise data quality issues, improve access to and application of health 
statistics in low and middle income countries with poor data management practices, 
providing the means for better data collection, synthesis and management of health 
information. 
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1.8 Research implementation approach 
Figure 1 shows a structure of the research: 
 
Figure 1: Diagram of thesis structure 
Chapter 2 assesses the availability and reliability of main health data sources and 
attempts to identify the gaps in the system for adequate national and international 
reporting purposes.  
Chapter 3 explores the need for internationally developed estimates and their use at 
different levels, from the global community down to the data manager at country level. 
This is done through a survey administered to data managers, statisticians at country, 
regional and global levels to assess the need for health estimates. A case study on data 
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quality issues in Mozambique and another on institutional capacity in Uganda are also 
presented in this chapter to highlight some of the constraints faced by countries. 
Chapter 4 reviews the burden of disease work at global and national level, the 
methods and main results, and discusses differences in published estimates (e.g. child 
mortality) from different institutions.  
Chapter 5 explores the application, as an example, of a method - namely the WHO 
environmental burden of disease methodology on malnutrition. This is combined with 
the methodology for unsafe water, sanitation and hygiene (WSH) to estimate the 
attributable burden from unsafe WSH in children less than five years of age, using data 
collected from three African countries (Ethiopia, Kenya and Tanzania) through the 
United Nations High Commissioner for Refugees (UNHCR). 
Chapter 6 introduces the National Burden of Disease (NBD) toolkit and proposes an 
improved interface to a burden of disease tool in order to overcome some of the 
challenges encountered at country level due to lack of data and capacity. It then tests 
the tool and provides an evaluation of training in the NBD toolkit for 42 countries1 
following their participation in one of four regional training workshops held in Kenya, 
South Africa, Thailand and Qatar. The results and the proposed changes and refinement 
to the toolkit for future work are discussed.  
Chapter 7 discusses the main implications of the research and further explores the 
outcomes in a wider context by making recommendations for HIS strengthening and for 
future research.  
                                                             
 
1
 List of countries: Afghanistan, Angola, Bangladesh, Botswana, Cambodia, Ethiopia, Fiji, Gambia, Ghana, Indonesia, Iran, Iraq, Kenya, 
Lao PDR, Lesotho, Liberia, Malawi, Malaysia, Mauritius, Mongolia, Mozambique, Namibia, Nepal, Nigeria, Oman, Philippines, Qatar, 
Rwanda, Sierra Leone, South Africa, South Sudan, Sri Lanka, Sudan, Tanzania, Syria, Thailand, Uganda, Vietnam, Yemen, Zambia, 
Zimbabwe. 
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CHAPTER 2 – LITERATURE REVIEW: 
HEALTH INFORMATION FOR ASSESSING 
BURDEN OF DISEASE AND ASSOCIATED 
RISK FACTORS 
 
2.1 Introduction 
The health information cycle includes data collection, management, analysis, 
dissemination and use (WHO 2011a). Reliable and timely health information is an 
essential foundation of public health, both nationally and internationally (Murray et al. 
2004, Murray 2007, WHO 2008b). Health information comes in very different formats. It 
consists of mortality and morbidity data, incidence and prevalence data, as well as risk 
behaviour data. Raw health data are gathered and analysed in a meaningful manner to 
provide health information and these data can be obtained at different levels of the 
health system for different users and purposes (AbouZahr et al. 2007a). These range 
from institution-based sources or administrative sources, such as facility assessments, 
facility records, and individual medical records such as clinical data maintained by care 
providers and derived from hospital records or healthcare provider organizations (Tan 
2001), to population-based sources, such as censuses or vital registration systems, 
service statistics and household surveys (WHO 2008c, Hotchkiss et al. 2012), as well as 
financial and health resource tracking information. Health research data constitute 
another source of data. However, research results are very rarely used for monitoring 
and evaluation of the health situation and trends (WHO 2011a). Much information and 
data are available through research studies (e.g. epidemiological studies or trials) on 
coverage of interventions, health outcomes, quality or efficiency. This source of data is 
outside the scope of this chapter. 
Despite the challenges listed above, health data and information is important for a 
number of reasons. Having an overall picture of health at global, regional, national and 
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sub-national levels based on good quality and timely data, as much as possible, provides 
the means to improved decision-making. The objectives of collecting, analyzing health 
data and synthesizing into meaningful information include the following (MEASURE 
2006): 
 To make evidence-based decisions 
 To define priority interventions  
 To assess who is most at risk and which populations are most vulnerable 
 To develop estimates of mortality and morbidity 
 To help define research priorities 
Censuses and surveys are usually used to collect specific data for statistical purposes 
and administrative sources routinely gather data from ministries or other authorities in 
a country (ADB 2010). However, this leads to a plethora of health data, information and 
indicators collected, analysed and synthesized for different purposes and uses. This in 
turn leads to fragmentation and the development of parallel and vertical disease-
specific systems, with highly decentralized planning and delivery structures (Lippeveld et 
al. 2000, Tan 2001, Boerma and Stansfield 2007, MEASURE 2008) instead of addressing 
management functions comprehensively (Lippeveld et al. 1997). In addition, the level 
and quality of information varies across countries, as well as within countries, making its 
use and interpretation challenging to not only the global community but to the key 
health stakeholders at country level (Boerma and Stansfield 2007). There remain some 
major gaps in health information systems, particularly in developing countries providing 
a very sketchy overview of the health situation of populations (Murray et al. 2004, 
Boerma and Stansfield 2007). For example, a shocking 57 million births were 
unregistered in 2012, representing 40% of total births (UNICEF 2013a) and 40 million 
deaths that go unrecorded on an annual basis, the majority of which occur in developing 
countries (Setel et al. 2007). Efforts towards addressing these gaps have been ongoing 
over the last 20 years by the global community through targeted questions in 
population censuses, sample registration systems or increases in the number of 
household surveys. Such sources of data are regularly supplemented with corrections 
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and adjustments to develop health estimates which feed into large projects (e.g. the 
global burden of disease) (Murray and Lopez 1996, Ezzati et al. 2004, Hill et al. 2007) or 
WHO annual publication of “World Health Statistics” available online for the years 2005 
until 2014 (WHO 2011b, WHO 2012a).2 
The development of estimates relies on available information combined with 
complex statistical models to fill the gaps (Bchir et al. 2006). However, in recent years, 
fragmentation and lack of collaboration between different international academic 
institutions, technical advisory groups and UN organizations has led to the development 
of different statistical models and the publication of differing estimates for the same 
disease outcome (e.g. diarrhoeal or malarial deaths for the same year). For diarrhoea, 
differences in published estimates for the same year were just over 135,000 for children 
under five (Liu et al. 2012, Lozano et al. 2012), and nearly 583,000 for malaria in all age 
groups (WHO 2011c, Murray et al. 2012c). This has led to more confusion and 
incomprehension to those outside these highly technical statistical modeling discussions 
and debates, having to deal with two sets of estimates rather than one. Further 
discussion on these issues will be included in Chapter 3. 
Ultimately, the ideal situation for stakeholders at all levels, would be to have access 
to reliable good quality national data for mortality and morbidity through robust 
monitoring reporting systems, allowing for less reliance on, and less need for, estimates. 
Efforts and initiatives within the international community (UN organizations, the Global 
Fund to fight AIDS, Tuberculosis and Malaria, the Global Alliance for Vaccines and 
Immunisation (GAVI), and international development agencies) are now focusing efforts 
on strengthening the underlying sources of data at country level. These efforts aim to 
avoid disagreements within the global community in the future, while acknowledging 
that reliance on estimates is still needed until national HIS can be further strengthened 
and become more reliable. These efforts build upon principles derived from the Paris 
Declaration on Aid Effectiveness and the Accra Agenda in 2005 for Action in 2008 (OECD 
                                                             
 
2 http://www.who.int/gho/publications/world_health_statistics/en/index.html  
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2008), whereby global partners and countries have been working towards better 
harmonization and alignment in support of a strong national health strategy in 
collaboration with the International Health Partnership (IHP+) set up in 2007 to help 
accelerate progress towards the health Millennium Development Goals (IHP+ 2007). 
Furthermore, in 2010, eight global health agency leaders made a call for action on 
health data and statistics to accurately track health progress and performance, evaluate 
the impact of health programs and policies and increase accountability at country and 
global levels (Chan et al. 2010). 
2.2 Sources of health data 
Health data are usually generated either directly from populations or from the 
processes of in-country institutions. Population-based sources generate data on all 
individuals within defined populations and can include total population counts (such as 
the census and civil registration) and data on representative populations or sub-
populations (such as household and other population surveys) (WHO 2008c). Institution-
based sources generate data as a result of administrative and operational activities. 
These activities are not confined to the health sector and include police records (such as 
reports of accidents or violent deaths), occupational reports (such as work-related 
injuries), and food and agricultural records (such as levels of food production and 
distribution).  
The following sections describe the state of the main data sources used in country 
health information systems: population census, civil registration, household surveys, 
health facility reporting systems, and others. 
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2.2.1 Population censuses 
The population and housing census represents one of the pillars for data collection 
on the number and characteristics of the population of a country (UN 2008). Its main 
characteristic is that every individual is enumerated. It thus provides, at regular 
intervals, the benchmark for population counts at national and local levels. For the 
health sector, information on population numbers and distribution by age and sex is 
essential for national and local planning, estimating target population sizes, and 
monitoring service coverage and future needs.  
The United Nations defines the essential features of population and housing censuses 
as "individual enumeration, universality within a defined territory, simultaneity and 
defined periodicity" (p.8), and recommends that population censuses be conducted at 
least every 10 years (UN 2008). The Statistics Division of the United Nations Economic 
and Social Council launched the 2010 World Programme on Population and Housing 
Censuses which aims to ensure that each Member State conducts a population and 
housing census at least once in the period from 2005 to 2014 and disseminates the 
results (UN 2004). The number of countries and areas that have conducted, or are in the 
process of conducting, a census has increased in the 2010 census round compared to 
the previous two rounds: from 87% and 85% in the 1990 and 2000 rounds respectively, 
to 94% of countries and areas in the 2010 round (Figure 2, Annex A). Thirteen countries 
and areas will have conducted a census or are about to for the first time in decades, six 
of which are in the African region (UN 2013b). Both Angola and the Democratic Republic 
of the Congo have their censuses planned for 2013. Progress in Africa is particularly 
notable, with an increase from 69% of countries and areas conducting a census in the 
2000 round to 95% in the 2010 round. The African Symposia for Statistical Development 
(ASSD), which include all government statisticians, have successfully taken the UN 
resolution forward: all countries except Eritrea and Somalia, as well as the Western 
Sahara state, conducted or scheduled a census in the 2010 round. Outside of Africa, 
Iraq, Lebanon, Pakistan and Uzbekistan did not undertake a census for this period 
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either. The census planned for 2011 in the Former Yugoslav Rep. of Macedonia was 
cancelled (UN 2013b).    
 
Figure 2: Trends in census taking: Percentage of 234 countries and areas with a 
census, during 1990, 2000 and 2010 round of census. Based on (WHO 2011a) with 
updated data (20 February 2013) extracted from: United Nations Statistics Division (UN 
2013b) Available at: http://unstats.un.org/unsd/demographic/sources/census/censusdates.htm  
[Accessed on 24 March 2013] 
2.2.2 Vital registration systems 
Statistics provide crucial information about the health status of a population. They 
are most effectively generated by, and compiled from, comprehensive civil registration, 
i.e. birth, death, marriage, and divorce information (Tan 2001, Setel et al. 2007). These 
data are crucial for calculation of any indicators or derivation of estimates, for providing 
policymakers with the evidence needed to design and plan health systems (Horton 
2007) and make appropriate decisions about health interventions. However, first and 
foremost, ensuring registration at birth provides the right to life to a child, securing 
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access to services as stated in the Convention on the Rights of the Child adopted in 1990 
(CRIN 1990). 
There are just under 60 million births, representing nearly a third of total births 
worldwide, and nearly 40 million deaths, of an estimated 57 million deaths worldwide, 
that go unregistered and unrecorded on an annual basis, the majority of which occur in 
developing countries (Setel et al. 2007, WHO 2011a, Oomman et al. 2013, UNICEF 
2013a, WHO 2013b). It has been reported that three-quarters of these unregistered 
births and deaths occur in Sub-Saharan Africa and South-east Asia (Horton 2007).  
There has been some progress and increased political momentum, notably in Africa 
where a resolution was adopted in 2010 by a number of countries committed to 
improving civil registration systems in the region (WHO 2010b). Nonetheless, progress is 
slow and important gaps remain as highlighted by the Lancet Series “Who counts” 
published in 2007 and more recently in 2013, urging donors to encourage countries and 
global partners to increase efforts towards promoting and supporting registration (Hill 
et al. 2007, Horton 2007, Lopez et al. 2007, Setel et al. 2007, AbouZahr et al. 2007a, 
Lopez and Thomason 2013, Oomman et al. 2013). Less than a third of the world’s 
population is being covered by accurate data on births and deaths (Horton 2007).  
The bottom line is that still too many countries do not have any information on the 
number and location of births and deaths in their country, let alone causes of death 
(Mathers et al. 2003, Bchir et al. 2006). Most people in Africa and Asia are born and die 
without leaving a trace in any legal record or statistic (Horton 2007), thus stripping an 
individual of his/her right to be counted and to be part of society and gaining access to 
services such as healthcare or education (Lopez et al. 2007, Dodds and Ellis 2010). This 
situation has arisen as a result of the stagnation of civil registration systems in many 
poor countries (Setel et al. 2007) who lack robust and effective national statistics 
systems and strong government ministries that can support vital registration (Horton 
2007). This is exacerbated by a lack of interest and the amount of funding required by 
the international donors and global community to invest in strengthening vital 
registration. Not only is investment in setting-up or strengthening civil vital registration 
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long-term, is expensive (Lopez et al. 2007), but there is also no single institution or 
agency at global level who has the mandate for registering and counting deaths (Horton 
2007, AbouZahr et al. 2007b).  
Of the reporting countries, half of them are developed, providing 75% of the number 
of recorded deaths. In countries in the Eastern Mediterranean, only 10% and in Africa, 
less than 10% report deaths, while over 80% in Europe and the Americas report vital 
statistics. Only four countries in the WHO African Region report data, two of which are 
small island states. In Asia, where more than 30 million deaths occur annually, the 
number of reported deaths is extremely low (Fig 3 & Table 1).  
 
Figure 3: Reported deaths versus estimated deaths by WHO Region for the year 2004. 
Data extracted from the WHO mortality database and analysed for (WHO 2011a). 
Available at: http://www.who.int/healthinfo/statistics/mort/en/index.html [Accessed on 7 April 2013] 
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Sample registration system 
China and India, the two most populated countries in the world, do not have fully 
functioning civil registration systems, but use sample registration systems to generate 
representative birth and mortality statistics: the Chinese Disease Surveillance Points 
(DSP) system and the Sample Registration System (SRS) in India (Yang et al. 2005, Jha et 
al. 2006, Hill et al. 2007). These are also referred to as Sample Vital Registration (SVR) 
systems. SVR systems can be seen as leading towards vital registration or can serve as a 
permanent, stand-alone system (Setel et al. 2005) such as is the case in China or India. 
Health and Demographic Surveillance Systems (HDSS) 
Another approach, similar to SRS or SVR but limited to a defined geographic region 
providing only partial coverage is a "sentinel" vital registration system or Health and 
Demographic Surveillance Systems (HDSS) site (Mathers et al. 2005, Hill et al. 2007). 
HDSS sites enable the continuous recording of longitudinal data (Hill et al. 2007), i.e. 
collecting individual data over a period time. A total of 43 HDSS sites in 20 countries 
exist worldwide (up from 37 in 2007), the majority of which are in African countries. 
These sites, restricted to small geographic areas, are coordinated by the International 
Network for the Demographic Evaluation of Populations and their Health (INDEPTH) 
who undertake health and demographic assessments and evaluations of populations  
(Hill et al. 2007, Sankoh and Byass 2012).  
Table 1: Total estimated deaths versus reported deaths by UN regions. 
Data extracted from the WHO mortality database and analysed for (WHO 2011a) 
 
UN regions Sum of estimated deaths in 2008 Sum of reported deaths in 2007
AFRICA 11,425,731                                                 1,111,345                                               
ASIA 30,900,499                                                 3,870,806                                               
EUROPE 8,160,879                                                    8,186,940                                               
LATIN AMERICA AND THE CARIBBEAN 3,373,657                                                    2,771,242                                               
NORTHERN AMERICA 2,825,781                                                    2,650,436                                               
OCEANIA 228,824                                                       156,021                                                   
Grand Total 56,915,372                                                 18,746,790                                             
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Vital statistics generated through civil registration provide basic underlying data used 
for compilation of demographic and health information and is the only source of data 
for continuous and comprehensive monitoring over time (Mahapatra et al. 2007). It also 
provides key information for the medical certification and coding of the underlying 
causes of death based on the International Classification of Diseases and Related Health 
Conditions (ICD) guidelines, aimed at enhancing the comparability of medically certified 
causes of death (Mahapatra et al. 2007, WHO 2011d).  
Causes of death 
The paucity of cause of death data is even greater than total number of deaths, 
particularly for adult mortality (Setel et al. 2007). In a study conducted by Mahapatra et 
al., only 31 countries had good quality cause of death data, while a remaining 85 
countries, representing less than 70% of the world’s population, had cause of death data 
of low quality or none at all  (Mahapatra et al. 2007, Setel et al. 2007). 
The WHO mortality database compiles data obtained from Member States on deaths 
by age, sex and cause of death on an annual basis (WHO 2013c). Significant differences 
exist in the quality of the data received, such as the degree of completeness and 
coverage for death registration data, as well as the timeliness of reporting. Additionally, 
coding practices vary significantly across countries for underlying causes of death when 
available (Mathers et al. 2006). Coding is the process by which data is translated into 
numbered and/or alphabetical categories for entry in a data processing system (Last 
2001a). Currently, there are 119 Member States which report data with underlying 
causes of death to WHO, 108 of which report according to the ‘International 
Classification of Diseases’ guidelines, i.e. ICD-10, which is the latest revision of the ICD 
guidelines (WHO 2011d, MaFat 2013, WHO 2013d). The ICD are guidelines used to 
classify specific conditions and groups of conditions determined by an internationally 
representative group of experts, recorded on many types of health and vital records 
including death certificates and health records (Last 2001b, WHO 2013d). It is the 
standard tool used to compile mortality and morbidity data used by physicians, nurses, 
other health care providers, researchers, health information managers and coders, as 
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well as health information technology officers providing a common language for 
reporting and monitoring causes of death and disease (WHO 2013d). The first 
international classification, entitled the ‘International List of Causes of Death’ was 
adopted by the International Statistical Institute in 1893 and has since been revised a 
number of times over more than a century reflecting advances in health knowledge and 
medical science (WHO 2013d). Since the creation of WHO in 1948, WHO has been 
responsible for coordinating the revision, including ICD-6 which included morbidity.  
Countries submit mortality data to WHO on a regular basis. Earliest submissions date 
back to 1950 and have been regularly submitted by Canada, El Salvador, United States, 
France, Ireland, Israel, Netherlands, United Kingdom, Sri Lanka, Australia, Japan and 
New Zealand (MaFat 2013). Countries such as Sweden have much older data but these 
have not been submitted to WHO (MaFat 2013). 71 countries out of 206 recognized 
countries, states and territories of the United Nations3 do not submit data to WHO. In 
2010, 69 out of the 135 reporting countries, areas or territories submitted mortality and 
underlying causes of death to WHO according to ICD-10 or ICD-9, the previous version of 
the ICD guidelines released in the mid-seventies that is still currently widely used by 
countries (MaFat 2013, WHO 2013c). There are approximately 10 countries still using 
ICD-9, such as Greece and Singapore (MaFat 2013) most likely due to the considerable 
human and financial investments required to switch over to the ICD-10 and may prefer 
to wait until the new ICD-11 system becomes available in 2017. Only three countries 
report out of a total of 46 countries in the WHO African region: Mauritius, Seychelles 
and South Africa (Setel et al. 2007, MaFat 2013). In northern Africa, the only reporting 
country is Egypt. In South-east Asia, only India and the Maldives have reported data at 
least once between 2007 and 2011. The latest reported data from Turkey for 2008 was 
                                                             
 
3
 UN Member States and non-member observer states: http://www.un.org/Depts/Cartographic/map/profile/world.pdf. The 
following territories are excluded as the UN does not consider them as part of any member state: Vatican City (the Holy See is a UN 
non-member observer state), the Palestinian territories (Palestine is a UN non-member observer state), Western Sahara (status in 
dispute between Morocco and the Polisario Front), and Antarctica (regulated by the Antarctic Treaty System). Territories of states 
not recognized by the UN are not excluded due to the UN's position that they are part of some UN member state, including, for 
example, the territories governed by the Republic of China (Taiwan and other smaller islands), as the UN members voted to consider 
the People's Republic of China as the only lawful representative of China at the UN and the UN chooses not to question its claim that 
Taiwan is part of China.  
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reported according to ICD-8, although Turkey has obtained a grant from the European 
Union (EU) to upgrade their reporting to ICD-10 directly (MaFat 2013). The time lag of 
some of the received data ranges from three years for European countries to 11 years 
for the few African countries reporting (Mahapatra et al. 2007). This has important 
consequences on the issue of timeliness of available data through the database but also 
in the development of estimates based on these country-reported data. 
Figure 4 highlights the state of available information on causes of death by grading it 
based on whether the country uses a recent version of the ICD guidelines, on the 
completeness of the data or the coding practices (Mahapatra et al. 2007). Completeness 
refers to the number of death and causes of death registered in the civil registration 
system (Mahapatra et al. 2007). 
 
 
Figure 4: Quality of globally available information on causes of death (WHO 2010c) 
 
Page 45 of 248 
 
Verbal autopsy 
One approach developed to fill the gap on information on causes of death has the 
development of the verbal autopsy (VA) tool since the late eighties. Detailed questions, 
including a checklist of symptoms and a description of events leading up to the death, 
are asked of families who have lost a family member (Hill et al. 2007).  A total of 144 
journal articles, limiting the search strategy to “verbal”[Title] AND "autopsy"[Title] 
appearing in the title, can be retrieved when searching PubMed ranging from 1986 to 
2013. Nearly a third of this retrieved literature is focused on the concepts, methods and 
various tools available for undertaking VA. The remaining articles focus on application, 
implementation and results of the use of the VA tool in country settings, targeting a 
specific age group or disease. The use of VA is being used regularly in countries, mainly 
in Africa and Asia, where this remains the only way to obtain estimates on the 
distribution of causes of death (Soleman et al. 2006). The use of VA is particularly 
widespread in China and  India (Soleman et al. 2006). However, there has been no 
international common standard and procedure in the use of the VA tool and methods  
across these studies, thus preventing comparison between them (Soleman et al. 2006). 
What all these studies have in common is the need/will to establish the distribution of 
causes of death within a defined population or community. Efforts towards 
standardization have increased over the last few years. (WHO 2007a, WHO 2012b). This 
approach can be applied as part of a household survey, as a follow-up to surveys or as 
an assessment to information gathered by HDSS or SVR sites (Soleman et al. 2006, Hill et 
al. 2007). An alternative approach to verbal autopsy to obtain cause of death 
information comes from hospital records, although such data are unrepresentative of 
the population, with the majority of deaths occurring outside any hospital or facility (Hill 
et al. 2007). 
Information that cannot be provided through registration systems includes socio-
economic information, as well as risk factor data and overall health status in the 
population (Hill et al. 2007). 
Page 46 of 248 
 
The existing gaps in civil registration systems have resulted in different strategies and 
methods being adopted to generate birth and death data through the use of complex 
statistical models for example (Hill et al. 2007). One direct consequence over the last 
two decades has been the proliferation of surveys that have been implemented with 
increased international technical and financial assistance, reducing incentives for 
national governments to invest in civil registration systems (Hill et al. 2007, Setel et al. 
2007). Information derived from household surveys provides the opportunity to 
calculate fertility rates as well as child mortality rates for the past 20 years (Hill et al. 
2007). Another important consequence has been more reliance on the development by 
the global community of birth, death and causes of death estimates derived from 
complex modelling techniques or extrapolation to fill gaps in basic country specific data 
(Bchir et al. 2006, Lopez et al. 2007, Setel et al. 2007, Walker et al. 2007). WHO, for 
example, has been involved with partners in publishing estimates of levels and causes of 
death by adjusting for biases and developing models to derive estimates which 
ultimately have fed into burden of disease projects (Mahapatra et al. 2007). 
2.2.3 Household surveys 
Household surveys are an important source of population health information, namely 
health status, risk factors and coverage of interventions. They are also used to collect 
information on household socio-economic characteristics, nutritional status and 
education levels (WHO 2011a). International surveys include: 
 The Demographic and Health Surveys (DHS) implemented by Macro 
International Inc. conducted in more than  90 countries around the world 
(MEASURE 2013);  
 The Multiple Indicator Cluster Survey (MICS) led by UNICEF assists countries 
in filing data gaps, monitoring the health status of children and women and is 
implemented in more than 100 countries since the early nineties (UNICEF 
2013b);  
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 The World Health Survey (WHS) conducted by WHO between 2002 and 2003 
in 70 countries focusing on health issues, particularly on determinants of 
noncommunicable diseases (WHO 2011a). 
Additionally, many surveys have been set up to focus on disease-specific health 
outcomes such as HIV/AIDS, HIV prevalence and risk behaviour, malaria, tuberculosis, 
violence, obesity and use of tobacco. 
Population-based surveys are commonly considered to be the gold standard to assess 
population health, risk factors and health service coverage (Hotchkiss et al. 2012) by the 
global community but also very often by countries themselves in the absence of reliable 
or available data. The lack of confidence in national information systems was very much 
emphasized to the researcher during country visits through discussions with key 
stakeholders, notably in Uganda. Nonetheless, household surveys provide little or no 
information on service delivery, patient management and other functions at the district 
and facility level. This can only be obtained through administrative sources or facility 
assessments or surveys.  
A critical issue concerning timeliness results from using and relying on household 
survey data for child mortality, for example (Group 2006). Household surveys such as 
the DHS are only conducted periodically, approximately every 3 to 5 years, or even 
longer. The data is retrospective and relates to births and deaths. Infant, child or even 
maternal mortality estimates currently available through global reference groups such 
as the United Nations Inter-agency Group for Child Mortality Estimation (UN IGME) - 
which includes UNICEF, the United Nations Population Division (UNFPA), the World Bank 
and WHO - are developed by extrapolating forward from these older data, combined 
with other available data sources (e.g. registration data, censuses, other surveys, etc…). 
These naturally depend on the quality, quantity and timeliness of the input data (Group 
2006). A lack of transparency in the data sources used, the extrapolations and methods , 
as well as not addressing uncertainty around the estimates (Walker et al. 2007) has fed 
the divide between the global community and countries, who often prefer to rely on 
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household estimates only which tend to be several years out-of-date, and therefore, do 
not provide an accurate picture for that year.    
Overall, in view of the supplementary information that surveys can provide and the 
possibility to use such information to validate national data, such programmes are an 
important and integral component of health information in both developed and 
developing countries where such information can be used as an interim approach to 
collecting necessary data (Hill et al. 2007). However, surveys should be seen as 
supplementary to routine facility-based data collections – they are costly, time-
consuming and generate results over a period (usually five years) rather than the 
immediate past, making such information untimely (AbouZahr et al. 2007a). 
Additionally, it is not possible to disaggregate data at local level which is an important 
limiting factor (Boerma and Stansfield 2007).  There is commonly mistrust of service-
based or facility-based data, but, this should not fuel the need for increased surveys, 
particularly disease-specific surveys generally conducted to serve donors and partners’ 
needs for unbiased data (AbouZahr et al. 2007a). Efforts should concentrate at 
understanding and resolving the bottlenecks of countries underlying systems that can 
provide timely information, but usually of poor quality. 
2.2.4 Administrative sources of data 
Administrative data include health workforce, financing information and health 
facility reporting (WHO 2011a). These data form the basis for annual reporting and 
health management and is usually compiled through the Health Management 
Information System (HMIS) at country level (WHO 2011a). The HMIS, also referred to as 
a Routine Health Information System (RHIS), has been defined as an information system 
specially designed to assist in the management and planning of health programmes 
(Hotchkiss et al. 2012). Specifically, it is “a system that provides specific information 
support to the decision-making process at each level of an organization” (p.28) 
(Hurtubise 1984). Similarly, Aquil and colleagues define such systems as a system that 
provides information at regular intervals of a year or less through mechanisms designed 
to meet predictable information needs (Aqil et al. 2009). 
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Health facility data are an important source of data. Reports emanating from health 
facilities should ideally feed into the HMIS providing crucial information at the national 
level on  human resources and/or delivery or coverage of interventions within a 
country’s healthcare system as part of one nationally centralized database (AbouZahr et 
al. 2007a). However, HMIS data are fraught with data quality issues (WHO 2011a). 
Reported coverage data commonly reach more than 100% and it is not uncommon to 
see this in published annual health sector reviews, statistical abstracts or health reviews 
produced at country level, fuelling mistrust in this source of data. Cambodia’s facility 
reports in 2011 for districts for example, indicate measles immunization coverage of 
more than 100% in 15 districts out of 20 – one district (Phnom Penh) reporting a 
coverage of 163% (WHO 2012c). This is by far not an isolated case and occurs regularly 
in many countries (e.g. Ghana, Uganda, Cambodia) (AbouZahr et al. 2007a). A case study 
from Mozambique exemplifying this issue is presented in this chapter. Data quality 
checks and adjustments are rarely done, mainly as a result of weak institutional and 
analytical capacity, as well as reluctance at country level to be accused and seen as 
“cooking” or manipulating data (AbouZahr et al. 2007a, Boerma 2010, WHO 2011a).  
In many countries, individual records at the facility level continue to be paper-based. 
The responses from the second Global Survey on eHealth undertaken in 2009 by WHO 
indicated that 90% of the responding countries still relied on paper for reporting (WHO 
2011a).  
The true extent to which paper-based reporting can be a challenge is illustrated by 
images taken at a health facility in Ouidah, Benin in February 2013 and at the 
Department of Planning at the Ministry of Health, in Ouagadougou, Burkina Faso, in 
November 2012 where the HMIS is hosted (Figure 5).  
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Figure 5: Storage of paper-based individual medical record forms at the facility level 
in Ouidah, Benin (22 February 2013) (left) and at the Ministry of Health, Department of 
Planning in Ouagadougou, Burkina Faso (16 November 2013) (right) (Photos by Fiona 
Gore) 
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Chapter 3 ASSESSING THE NEED: 
BURDEN OF DISEASE 
3.1 Introduction 
Global, regional and country health statistics and information are important for 
assessing development and health progress, as well as for guiding resource allocation 
(WHO 2013e). As a result of major data gaps and measurement issues outlined in 
section 1, much work is dedicated to the development of disease and risk factor 
estimates. Adjustments and predictions based on complex statistical modeling are done 
to transform poor crude or raw data into comprehensive and comparable data. 
International organizations, such as WHO, UNICEF or UNFPA, or academic institutions 
such as the Institute for Health Metrics and Evaluation in the United States, supported 
by the Bill and Melinda Gates Foundation, spend considerable resources in the 
development of child and adult mortality estimates, as well as priority causes such as 
HIV, TB, malaria, maternal mortality and major causes of child deaths. For many 
mortality and health indicators, there exists at least two sets of estimates (WHO 2013e). 
This is leading to much confusion and little trust at all levels, particularly to those 
working with health information at country level. As a result, some countries rely on 
household survey results, for child mortality estimates, despite these being untimely. 
This was typically the case for Rwanda and Turkey in a recent round of child mortality 
estimates due to be published as part of WHO’s World Health Statistics report (WHO 
2011b, Mathers 2012, WHO 2012a).  
3.1.1. Needs assessment 
In order to establish whether there is a requirement for these estimates, whether 
these are useful, and for what purpose they are used, a needs assessment was 
undertaken aimed at those working with health information and data at all levels. The 
target audience included those working at country level within the government, either 
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in the Ministry of Health, National Statistical Offices (NSOs), research institutes, 
international organizations or NGOs from all parts of the world, as well as those working 
at regional or international levels.  
3.1.2. Methods 
An online questionnaire was developed to assess the need for burden of disease 
estimates (Annex C). The questionnaire was developed using Survey Monkey, a private 
web-based survey tool (SurveyMonkey 2013). The questionnaire was sent electronically 
to 218 recipients. A total of 186 recipients were individuals that attended four regional 
workshops held between April 2010 and December 2011 (Table 2) to enhance the 
analytical capacity of countries to conduct comprehensive health progress and 
performance reviews in the context of national health plans and related global health 
goals. Additionally, the questionnaire was sent to 32 recipients who requested burden 
of disease estimates, specifically national burden of disease estimates (Chapter 4) in 
November 2012. 
Table 2: List of health progress and performance review training workshops held 
between 2010 and 2011 in Africa, Asia and the Middle East, invited countries and 
partners. 
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3.1.3. Results 
A total of 43 out of 218 responded to the online questionnaire, representing a 19.7% 
response rate. Just over a quarter of respondents had a medical background (26.2%), 
followed by statisticians (16.7%), epidemiologists (14%) and public health officers 
(11.9%) (Fig. 6). Those that responded to the ‘other’ category (9.5%) included a 
pharmacist, two monitoring and evaluation specialists and a health planning officer. The 
majority of respondents worked in the Ministry of Health (31.7%), followed by research 
institutions (14.6%) and international organizations at country level (14.6%) (Fig. 7). The 
‘other’ category included a respondent from the Regional Health Observatory in France 
and from the Planning Commission from the Government of Pakistan.  
 
Figure 6: Respondents’ occupation and academic background (N=42) 
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Figure 7: Respondents’ workplace (N=41) 
Geographically, responses were received from 28 different countries in Africa, 
Europe, the Eastern Mediterranean Region, South-East Asia, the Western Pacific region 
and the Americas (Table 3). Over one third of responses were given by respondents 
working in one of nine countries in Africa (Ghana, Lesotho, Malawi, Mauritius, Rwanda, 
South Africa, Tanzania, Uganda and Zimbabwe). Nearly one quarter of respondents were 
based in one of six countries in Europe, namely Belgium, France, Norway, Switzerland, 
Turkey and the United Kingdom working either in international organizations, for 
academic institutions or NGOs. Just over 16% of respondents worked in one of four 
countries in the Eastern Mediterranean, namely Afghanistan, Iran, Iraq, Sudan and 
Yemen and 16% in one of four countries in South-East Asia (India, Indonesia, Nepal and 
Thailand). Two responses were received from New Zealand and Malaysia, and one from 
a respondent working in an academic research institute in Brazil. The results provide a 
wide geographical distribution across all regions of the world and across various 
professional positions, from governmental positions in Ministries of Health, academic 
institutions positions, to NGOs and international organizations at country, regional and 
global level.  
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Table 3:  Overview of number of responses and by country of origin 
 
 Ninety per cent   of respondents were either familiar with or had heard of the 
burden of disease projects, of which more than half had been involved in burden of 
disease projects or studies as part of their professional activities (Figure 8). Ten per cent 
of respondents had never heard of disease burden work or projects and therefore were 
directed to questions outside their knowledge. From the 90% familiar with burden of 
disease work, more than half had good understanding of the concept and principles of 
burden of disease but less understanding of the details, while 29% indicated having 
good understanding of the analyses and methods used to estimate the burden of 
disease. Out of the 35 respondents, one indicated being an expert in burden of disease 
work, both in terms of methods and analysis. Only two respondents indicated having 
very limited to no knowledge on the subject (Figure 9). 
Geographical regions Number of 
countries in region
Number of 
responses
Percentage
AFRICA 9 13 30.2%
EUROPE 6 10 23.3%
EASTERN MEDITTERRANEAN 6 7 16.3%
SOUTH EAST ASIA 4 7 16.3%
WESTERN PACIFIC REGION 2 3 7.0%
AMERICAS 1 2 4.7%
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Figure 8: Mechanisms through which respondents became familiar with burden of 
disease work/projects (N = 33 respondents) 
 
Figure 9: Ratings for the knowledge of the burden of disease projects (N = 35 
respondents) 
Generally, the results show that burden of disease estimates are referred to 
regularly. 15% of respondents indicated that they referred to them on a weekly basis 
and more than a third indicated referring to them on a monthly basis, while one 
respondent indicated referring to them on a daily basis. Out of the 34 respondents, 14 
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(41%) said that they only refer to estimates on a yearly basis, while only 3 respondents 
(9%) indicated almost never referring to them. 
Nearly all respondents found the burden of disease estimates useful (97%) with 14% 
relying on them either entirely or 51% only partially (Fig. 10). Only 3% found them not 
very useful due to a lack of trust or understanding in the numbers. Interestingly, over a 
third indicated using estimates as a validation mechanism to compare with their own 
data (Fig. 10). One respondent highlighted the issue concerning timeliness, despite 
finding it useful. 
 
Figure 10: Usefulness of the burden of disease estimates (N = 35 respondents) 
The reasons for referring to burden of disease estimates are many. These range from 
answering a research question, using them as a validation and comparison method, 
incorporating them into national reports, using them to set priorities and inform policy, 
to helping inform budgetary allocations (Figure 11). Respondents indicated using or 
referring not only to child mortality estimates, but also to maternal mortality and all 
cause-specific mortality for all ages as well as disability-adjusted life years (DALYs) 
estimates. Time-series of disease country-specific estimates of HIV, TB and malaria 
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(incidence, prevalence and deaths) and burden of disease estimates attributable to 
selected major risk factors were highlighted by three respondents as further information 
referred to. 
 
Figure 11: Uses for burden of disease estimates (N = 36 respondents) 
However, the majority of respondents (94%) identified concerns about using disease 
burden estimates. Despite the consensus over the fact that the estimates were found to 
be useful, three major concerns were raised: 
 Lack of transparency  
 Uncertainty concerning the estimates 
 Untimeliness 
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Finally, it emerged that despite concerns about internationally available estimates, 
the vast majority of respondents indicated a need for burden of disease estimates as a 
means of comparison (97%), more than half of which indicated improved transparency 
of the data sources and methods used, as well as providing national and sub-national 
estimates to country stakeholders.  
3.1.4. Discussion 
This chapter highlights the importance of health data but also describes some of their 
limitations. Population surveys and facility data (HMIS) are both important sources of 
data but neither source can support reporting health trends accurately and in a timely 
manner (AbouZahr et al. 2007a). There remain important health and demographic data 
gaps, particularly in countries with no functioning civil registration systems. As a result 
of this gap, the international organizations and academic institutions such as IHME have 
engaged heavily in the development over the last 15 to 20 years of estimates, which 
often differ from country-reported information. Despite the recognition of the need for 
estimates by professionals, the lack of transparency around the generation of estimates, 
i.e. data and methods used, has been one of the key issues that has created a gap 
between the global community and health professionals at country level. More 
thorough descriptions of data and methods, including more involvement of country 
users in the generation of estimates, would allow countries to understand how the 
estimates are derived and provide more ownership for their use rather than just a 
means of comparison. 
The assessment survey (section 2.2) indicates a need to continue providing the health 
community at all levels with burden of disease estimates. Nonetheless, this should not 
be done at the cost of continued advocacy and should focus on giving more attention to 
strengthening the underlying sources of data at country level, particularly to civil 
registration. Based on the literature review and confirmed by the results of the survey, it 
is apparent that there is a need for greater transparency at global level and increased 
collaboration with key stakeholders at country level while developing health estimates. 
Developing and providing user-friendly and flexible tools with prior estimates, including 
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used data and methods, to countries for assessing their burden of disease would enable 
them to identify existing gaps in their information system to allow them to gradually 
build-up their own data, therefore, relying less on estimates.  
The stronger and more reliable country data become, the estimate work at global 
level would become less dependent on modeling, decreasing any differences and 
discrepancies and, therefore, reducing the gaps between global and national 
information. In the meantime, at global level, there should be continued efforts to 
improve the reliability and replicability of estimates through improved transparency 
over what data is used, and what is done to develop estimates to increase 
understanding at country level. Users at all levels often mistakenly assume that 
estimates and trends are based on observed events, rather than modeled data (Shibuya 
et al. 2005, Mahapatra et al. 2007). 
Neither the development of estimates nor the development of tools at global level 
for use at country level has been transparent nor have they been user-friendly. This is an 
issue that clearly comes out of the survey which indicates that country users usually do 
use estimates due to a lack of understanding of how they are developed, and the lack of 
training and the necessary data needed to use the information or apply the tools. 
Although the survey indicates that health stakeholders at country level refer to 
estimates, they are rarely relied upon by country stakeholders but merely used as a 
validation or a comparison mechanism. 
The assessment survey results clearly highlight three important issues and concerns 
relating to the development of burden of disease estimates voiced at all levels, from 
country to international level estimate users: the lack of transparency mentioned above, 
the uncertainty concerning the estimates and the timeliness of information. The lack of 
transparency related to methods has been an ongoing debate to burden of disease 
studies and projects over the years. These methods used to derive estimates have not 
been available for public or peer review (Walker et al. 2007, Mathers et al. 2009, 
Boerma et al. 2010). Critics have also argued that weakness in underlying data result in 
inadequate reliance on statistical modeling and assumptions (Cooper et al. 1998, 
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AbouZahr et al. 2007a). Lack of transparency and access to sound statistical methods 
result in external users being unable to replicate approaches, which feeds any mistrust 
and lack of confidence of estimates, referred to by many as “guesstimates” (Cooper et 
al. 1998).  
Although efforts to share the raw data, methods and analysis publically have 
increased over the years, there still remains much to be done (Boerma et al. 2010). 
Another important issue is the lack of information around uncertainty for estimates. 
Most of the burden of disease estimates lack confidence intervals or any information 
around uncertainty(Boerma et al. 2010). Indeed, the WHO database for burden of 
disease estimates provides colour coding to summarize the levels of evidence for causes 
of death available for each country, but states that these are only meant to be indicative 
and by all means are not quantitative (WHO, 2011e). 
The third issue resides in the timeliness of available burden of disease estimates. 
Although computerization of death registration data and electronic recording have 
considerably improved reporting to WHO over the last decade or so (Mathers et al. 
2006), available burden of disease data still appear out of date. This is a result of many 
countries having little death registration coverage or no registration at all (Section 
2.1.2). The number of countries submitting their underlying cause of death data to WHO 
using ICD-10, has increased significantly over the years.  
Deaths and DALY estimates for all causes and all ages are available for the year 2004 
(WHO 2008a). Mortality estimates were updated by WHO for the year 2008 (WHO 
2011e). Both death and DALY estimates were published in the Lancet at the end of 2012 
by the Institute for Health Metrics and Evaluation as part of the Global Burden of 
Disease 2010 project (Lozano et al. 2012, Wang et al. 2012, Murray et al. 2012b). 
Although a considerable number of WHO staff were involved in specific aspects of the 
project which has lasted for nearly 10 years, WHO has not officially endorsed these 
recent estimates due to some serious concerns around the data inputs, methods used 
and results. There has been much debate within the global community, WHO 
specifically, in the media and on the web around specific sets of estimates and 
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considerable differences in these estimates, for example for malaria, diarrhoea or child 
mortality (Alkema and You 2012, Fan and Lam 2012, WHO 2012d). Added to this debate, 
is the fact there are important discrepancies between figures reported by countries and 
estimates produced by WHO or others (Mahapatra et al. 2007). A detailed discussion on 
these issues is included in Chapter 3 (WHO 2013e). 
3.1.5. Conclusion 
With 2015 around the corner, when countries are due to report on progress towards 
the Millennium Development Goals (MDGs) and as the world turns to the post-2015 
agenda, there is an even greater need for accurate measurement of vital events to be 
able to assess progress towards the health-related goals. Improved data at country level 
that feed into health estimates, improving the reliability of the estimates, improved 
capacity, combined with more transparent methods regarding health modelling, would 
help bridge the gap between what is done by international organizations and academic 
institutions that use country data, in turn improving acceptability and ownership by 
health professionals at country level.  
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3.2 Data quality 
3.2.1 Introduction 
There remain major challenges regarding the quality, timeliness and level of detail of 
available information, e.g. disaggregated data by sex (Boerma and Stansfield 2007, 
MEASURE 2008) to be able to achieve meaningful in-depth analyses. An assessment of 
the quality of the data is needed to understand how much confidence can be put in the 
health data presented  
Tools are available to assess the quality of data and range from data quality review 
self-assessments, such as the data quality audit tools promoted by PEPFAR, the Global 
Alliance for Vaccines and Immunisation (GAVI) or the Global Fund to Fight AIDS, 
Tuberculosis and Malaria (GFATM). Each of these agencies promote the rapid data 
quality assessment (RDQA), a tool that helps verify the accuracy of facility-reported data 
by reviewing facility records (WHO 2011a). 
3.2.2 Case study 1: Assessing data quality in Mozambique 
The aim of the case study on assessing data quality in Mozambique is to demonstrate 
that although data are widely used and published as part of government reports such as 
annual health sector reviews, the data used have a number of limitations related to 
quality, particularly missing values, bias, and computation errors. As a result, there is 
little trust in these data, they become unusable for decision-making (Braa and Sahay 
2012).  
3.2.3 Methods 
Monthly administrative facility data were obtained from the data manager at the 
Ministry of Health (MISAU) of Mozambique for the 11 provinces in Mozambique with 
respect to immunization coverage rates in 2011, namely Bacillus Calmette–Guérin 
(BCG), third dose of diphtheria, pertussis (whooping cough) and tetanus, measles and 
information on completion of immunization report cards. Data for immunization were 
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readily available through the health information system and handed over to exemplify 
the current case study. 
The coverage rates were calculated based on the number of cases that obtained the 
vaccine and the population figures by province provided by the health data facility 
records. Although the actual coverage rates had been calculated by the data manager, 
these were re-calculated based on the raw data to check for any inconsistencies in 
results. The administrative health facility-based coverage rates by province were then 
compared with the Demographic and Health Survey (DHS) results for Mozambique in 
2011 immunization coverage rates among children 12-23 months old (MISAU 2011) 
(Annex B) . 
3.2.4 Results 
Figure 12 presents coverage rates for immunizations based on the health facility data 
by province for the year 2011 for BCG, DPT/Hep B 3, measles for children aged 12-23 
months olds that were fully vaccinated between 0 and 11 months of age.   
Many of these health facility coverage rates are more than 100%, thus indicating data 
quality issues. In one province, Gaza, the coverage rates are relatively consistent 
between the facility data and the DHS 2011. Differences are also relatively small in the 
province of Manica. In other provinces, such as Cabo Delgado, Nampula, Zambezia, Tete 
or Sofala, 2011 DHS rates are often below the level of the facility except for Maputo 
Province. BCG rates are above 100% in eight districts out of twelve. The four provinces 
where BCG coverage rates do not exceed 100% include Capo Delgado, Inhambane, Gaza 
and Maputo Province (Fig. 12). 
  Figure 12: Coverage rates for immunization from health facility data by province for the year 2009 and DHS immunization coverage rates 
among fully vaccinated children between 0 and 11 months of age.   
Province
BCG DIS MISAU 
2011 BCG DHS 2011 BCG RATIO
DPT/Hep.B 3ª 
DOSE DIS 
MISAU 2011 DPT3 DHS 2011 DPT3 RATIO
MEASLES 
MISAU 2011
MEASLES DHS 
2011 MEASLES RATIO
IMMUNIZATION 
RECORD CARD 
COMPLETE MISAU 
2011
IMMUNIZATION 
RECORD CARD 
COMPLETE DHS 
2011
RATIO 
IMMUNIZATION 
RECORD CARD 
COMPLETE 
NIASSA 1.02 0.93 1.10 0.84 0.83 1.02 0.83 0.88 0.94 0.73 0.77 0.95
CABO DELGADO 0.99 0.95 1.05 0.83 0.68 1.22 0.88 0.81 1.09 0.89 0.59 1.52
NAMPULA 1.28 0.88 1.45 0.98 0.75 1.30 1.07 0.83 1.29 0.93 0.66 1.40
ZAMBEZIA 1.10 0.84 1.31 0.90 0.60 1.49 0.97 0.72 1.36 0.70 0.47 1.48
TETE 1.53 0.89 1.72 1.29 0.80 1.62 1.42 0.76 1.87 0.89 0.58 1.54
MANICA 1.04 0.97 1.07 0.73 0.77 0.95 0.82 0.80 1.02 0.90 0.65 1.40
SOFALA 1.16 0.95 1.21 1.13 0.85 1.33 1.08 0.87 1.24 0.72 0.78 0.92
INHAMBANE 0.87 0.96 0.90 0.94 0.82 1.15 0.81 0.86 0.94 0.74 0.65 1.14
GAZA 0.92 0.93 1.00 0.86 0.89 0.97 0.76 0.86 0.89 0.73 0.76 0.96
MAPUTO PROVINCE 0.86 0.99 0.86 0.89 0.97 0.92 0.83 0.98 0.85 0.76 0.88 0.86
MAPUTO CITY 1.06 0.96 1.10 0.72 0.90 0.80 0.68 0.95 0.71 0.51 0.77 0.66
Total 1.11 0.91 1.22 0.92 0.76 1.21 0.95 0.82 1.17 0.78 0.64 1.22
 
 
 
 
 
 
 
 
Table 4: Coverage rates for immunization from health facility data by province for the year 2009 and DHS immunization coverage rates indicating the 
relative sizes of the two values (ratio). 
In Maputo Province, the household survey data are higher than the administrative 
level for DPT3/Hep3 and measles, as well as for BCG coverage rates in Maputo city. 
Overall, for the national average, the administrative data exceeds 100% for BCG, but 
remains below 100% for other indicators (DPT/Hep 3 and measles).    
For Mozambique and the selected coverage rates, the 2011 facility data are 20.5% 
higher than the DHS 2011 (Table 4). For each coverage rate, those that show 10% or less 
difference between facility data 2011 and the DHS 2011 data are: 
• BCG: Niassa, Cabo Delgado, Manica, Inhambane, Gaza and Maputo city. 
• DPT/Hep3: Niassa, Manica,Gaza and Maputo province 
• Measles: Niassa, Cabo Delgado, Manica and Inhambane 
• Immunization record complete: Niassa, Sofala and Gaza 
The ratio of BCG, DPT3/Hep3 and measles coverage rates from facility data from the 
DHS 2011 is consistently higher than the facility data by 22%, 21% and 17% respectively 
(Table 4). 
3.2.5 Discussion 
Data quality issues with respect to some coverage rates being above 100% may have 
to do with the numerator of the coverage rates. There may be over-reporting in some 
provinces, which causes the coverage rate to be higher than expected. The main 
limitation is most likely due to the method of data collection at the facilities and any 
discrepancies or lack of standard procedures in these methods across health facilities. 
The types of errors that are most common include recording errors (e.g. missing values) 
and computation errors when recording data from paper to the computer system (WHO 
2011f, WHO 2012c). There may also be problems with the denominator (i.e. total 
population), where implausible numbers result from underestimation of the 
denominator calculated by extrapolation from the last census data (AbouZahr et al. 
2007a). The population projections in Mozambique are based on the population census 
of 2007. The projections for population estimates for the year 2011 could have not been 
correct for several reasons, for example, these estimates may not account for 
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population migrations between rural and urban areas in provinces. In view of the fact 
that births are not registered in Mozambique, it is very difficult to have a clear picture of 
the target population and to establish how many children are to be immunized and in 
which province. Uncertainty in the numerator, as well as in in the denominator, yields 
results such as those that can be seen in Figure 5 and Table 1. Comparing these two 
sources of data which display the differences between the two datasets it can be seen 
that at country level, the fact that results of more than 100% emerge is also due to the 
fact that no adjusting is undertaken at country level to correct the results. Most 
importantly, adjusting coverage rates over 100% can be considered as “data cooking” 
and not well regarded and, therefore, the standard procedure is to present the data as 
is, contributing to the inaccuracy in administrative facility data.  
3.2.6 Conclusion 
Until birth registration becomes standard procedure and denominator information 
can be more accurate, there is a need to train country professionals on data quality and 
on standard procedure of correcting and adjusting coverage rates, for example, to avoid 
presenting results such as those that can be seen in Figure 5 and Table 2. As long as any 
adjustments and correction to data are acknowledged in a transparent manner, no one 
can be accused of “data cooking”. 
3.2.7 Case study 2: Monitoring and Evaluation mechanisms and practices in 
Uganda 
In February 2009, Uganda joined IHP+ and signed a country compact with its partners 
in 2011 and its health development partners4 in order to maintain policy dialogue, 
promote joint planning and effective implementation and monitoring of the HSSIP 
(2010/11 – 2014/15) (MOH 2011). A country compact, also termed a partnership 
agreement, a memorandum of understanding or a code of conduct, is a signed 
                                                             
 
4
 Health Development or Sector Partners include Private-Not-For-Profit Organizations (PNFP), the Private Health 
Practitioners (PHP) and Civil Society Organisations (CSO) 
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agreement between government, development partners and implementing partners 
aimed at defining roles for improving health systems and achieving better health 
outcomes (IHP+ 2012). The government of Uganda was keen to develop a monitoring 
and evaluation (M&E) plan based on the HSSIP and its M&E component based on the 
IHP+ common M&E framework (Fig. 13) (WHO 2010d, WHO 2011g). The aim was for the 
M&E plan to establish a fully integrated, comprehensive robust and well-coordinated 
system to guide the monitoring of the HSSIP objectives and evaluate the impact (MOH 
2011). 
 
 
Figure 13: IHP+ common results-chain M&E framework (WHO 2010d, WHO 2011g) 
The framework in Figure 13 provides a logical flow diagram for monitoring and 
evaluation, including four main indicator domains, namely i) inputs and processes, ii) 
outputs, iii) outcomes and, iv) impact. The domains in the framework point towards 
areas for which indicators need to be selected, as well as suggesting approaches for data 
collection and data source identification (WHO 2011g). The framework illustrates how 
inputs to the system, such as governance, financing and infrastructure, as well as 
processes, are reflected in the outputs, such as the availability of services and 
interventions. Inputs, processes and outputs to the system then influence outcomes, 
Page 70 of 248 
 
such as coverage of interventions and risk behaviours and factors which in turn 
influence impacts, such as improved health outcomes, responsiveness and efficiency of 
the system (WHO 2011g). The framework aims to facilitate the identification of 
indicators in each section of the results-chain. It then aims to link the identified 
indicators to data collection methods, the importance of analysis and synthesis from 
different data sources and the need for data quality assessments before highlighting the 
communication of the information through targeted and comprehensive reporting such 
as country reviews (e.g. Annual Health Sector Reviews), including global reporting 
mechanisms (e.g. MDGs). 
This framework has widely been used to assess M&E practices and mechanisms in-
country and has been adopted by a number of countries such as Kenya, Sierra Leone 
and Mozambique as part of their efforts towards strengthening M&E plans and 
mechanisms (Boerma 2009, Shargie et al. 2011, MISAU 2012). 
3.2.8 Country visit: Uganda 
A situation analysis was undertaken in Uganda in 2010 (10-18 November) to assess 
the strengths and weaknesses around monitoring and evaluation (M&E) practices within 
the health sector. The rationale for undertaking this case study in Uganda is based on 
the opportunity of a WHO professional mission to Kampala, Uganda to support the 
development of Uganda’s monitoring and evaluation (M&E) plan for the Health Sector 
Strategic and Investment Plan (HSSIP) 2010/11 – 2014/15. This case study represents 
the findings from the country visit and interviews conducted in person at the Ministry of 
Health, Kampala, Uganda.  
The specific objectives and outcomes of the country visit included: 
1. To contextualize the health sector in Uganda; 
2. To highlight strengths and weaknesses in the current structure; 
3. To identify opportunities for strengthening monitoring and evaluation practices; 
4. To assess institutional capacity; 
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5. To support the development of a monitoring and evaluation plan including 
developing a set of core indicators. 
3.2.9 Methods 
In order to achieve the objectives set out (1-3) for the assessment in Uganda, a 
number of semi-structured interviews were undertaken with staff within the 
government (Uganda AIDS Commission, Uganda Bureau of Statistics (UBOS), different 
departments mainly within the Ministry of Health (Planning department, Resource 
Centre, Quality Assurance department, malaria and tuberculosis departments), different 
schools at Uganda’s Makerere University (Economic Policy Research Center, Institute of 
Social Research, Institute of Technology and the School of Public Health), with 
international organizations country offices (UNAIDS, UNFPA, UNICEF, WHO) and donor 
agencies (CDC, the Global Fund to fight AIDS, Tuberculosis and Malaria, German Society 
for International Cooperation (GIZ), USAID, World Bank).   
A total of 16 meetings were set-up, involving semi-structured interviews with 26 
individuals. The number of meetings set up and individuals interviewed are based on the 
responses received upon the invitations sent to country key monitoring and evaluation 
stakeholders facilitated by the WHO Country Office in Uganda. Each interview started 
off by providing the interviewee with background information about the concept and 
development of a national M&E plan based on a country led-platform, feedback from 
this case study on the concept having fed into the published guidance in developing 
M&E plans (WHO 2011g). The M&E plan development establishes key areas to be 
addressed: 
1. Strengthening of annual health sector reviews, mid-term reviews through 
sound and transparent indicator selection, data collection, data sources, 
analysis and synthesis, including data quality assessments made available 
through a national data repository/information system.  
2. Identification of clear roles and responsibilities among the key national health 
stakeholders would help strengthen institutional capacity and aim to improve 
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collaboration between institutions (e.g. Ministry of Health, National Statistics 
Offices, academic institutions).  
The discussions and questions that followed the introduction were structured around 
four points, key components of the results-chain framework:  
1. Demand and use of information:  
a. Country review processes and mechanisms; 
b. Indicators 
2. Supply of data and statistics: 
a. Data sources; 
b. Data quality control mechanisms; 
3. Analysis, access and dissemination 
4. Institutional capacity 
Responses resulting from the semi-structured interviews were carefully transcribed 
for further analysis and synthesis.  
An additional specific objective of the country visit was to discuss the monitoring and 
evaluation component of Uganda’s National HSSIP (2010/11 – 2014/15), and in 
particular the indicators in view of the Ministry of Health developing a national M&E 
plan for Uganda. Based on the HSSIP 250 key indicators, a core set of 26 indicators was 
determined through a cross-mapping exercise and follow-up discussions with a 
taskforce group, consisting of Ministry of Health staff from the resource centre, 
planning, quality assurance, maternal and child health, and the malaria and tuberculosis 
departments. This cross-mapping exercise was undertaken to compare indicators from 
those included in previous Health Sector Strategic Plans (HSSP), disease specific M&E 
plans and Poverty Eradication Action Plan with global indicators (e.g. MDGs, WHO). 
Annex D shows the step-by-step approach (Annex D: i) – v)) that was adopted to reach 
the final core set of 26 indicators (Annex E). Within the core set identified, all have 
baseline years ranging from 2005 to 2010 depending on the indicator) and all have 
targets, many of which are annual. The core set was then shared electronically with all 
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organizations and entities met during the country visit for feedback and further 
discussion. 
3.2.10 Results 
The findings below are based on the outcomes of discussions with various 
representatives during the country visit and structured according to major topics: i) 
indicators, ii) data sources, iii) data quality, and iv) institutional capacity. 
Indicators 
One of the major objectives of the mission was to identify from the 250 indicators, 
outlined in the HSSIP, a core set to be included in the M&E plan to facilitate monitoring, 
evaluation, reporting and decision-making.  
Within the M&E framework, the 26 core indicators that were agreed upon based on 
the cross-mapping exercise and through the taskforce group discussions, include four 
indicators related to input and processes, five related to outputs, 12 related to 
outcomes and five related to impact and are specified under each of the five objectives 
of the HSSIP (Annex E). The core set of indicators were well received by the various 
stakeholders beyond the taskforce group with whom the set was shared. It is thought 
that the preparatory work through the cross-mapping exercise providing a 
comprehensive approach for the selection of indicators and discussions had during the 
interviews provided a strong basis for understanding concerning what the purpose of 
the core set of indicators were meant for and how it was planned to reach the set, 
resulting in the endorsement of the set rapidly. These were further endorsed at high 
level as the core set of indicators and officially published as part of the Monitoring and 
Evaluation Plan for the Health Sector Strategic & Investment Plan 2010/11 – 2014/15 
(MOH 2011). 
Data sources 
The main sources of data in Uganda include those described in section 2.1. A detailed 
description of specific mechanisms for data collection, analysis and reporting can be 
Page 74 of 248 
 
found in the mission report by Gore and Boerma (Gore and Boerma 2011). These 
include the Ugandan HMIS, Uganda’s population-based surveys (Household Census and 
Survey Programmes HCSP, DHS reports, Uganda Panel Surveys UPS), facility 
assessments, the civil registration system, censuses, as well as other administrative data 
and specific surveillance systems or sites (e.g. HDSS) or special studies. 
The HMIS in Uganda forms the basis for annual collection and reporting of data for 
many indicators. HMIS has wide coverage and collects much of the data required for the 
indicators. Nonetheless, the information is fragmented across departments and units 
within the ministry of health making the role of the HMIS team very challenging as 
reported by the Head of the Resource Centre that hosts the HMIS at the Ministry of 
Health. He reported that much information does not flow back from specific 
departments and units to the HMIS as no institutional formal mechanism is in place for 
them to do so, and therefore information tends to flow in on an ad-hoc basis. This is 
combined with development partners establishing donor-specific parallel systems for 
their own needs and providing funding towards disease-specific programmes (e.g. 
malaria, HIV, TB), an issue increasingly recognized by partners, such as the Global 
Alliance for Vaccines and Immunisation (GAVI), GFATM, UNAIDS and the World Bank 
(WB) for example (WHO 2007b, WHO 2011g). 
Data quality  
At the time the fieldwork was undertaken in late 2010, there were no regular 
comprehensive and transparent systems in place to assess data quality, including 
completeness, timeliness and accuracy of reporting, or adjustments made to health 
facility-based coverage estimates based on population-based surveys or other 
adjustments (Gore and Boerma 2011). The data commonly suffered from quality issues. 
Based on results from the semi-structure interviews, feedback from a member of the 
data quality assurance department provided orally: “There is very little or no feedback 
mechanisms in place between facility levels and national levels. Without feedback 
mechanisms in place combined with a lack of understanding, at district and facility level, 
of the importance of collecting and reporting back to a higher level, there is no incentive 
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for staff at sub-country level to spend time comprehensively collecting and reporting 
health data. Staff at sub-national level do not perceive this information to be useful as 
they never receive any feedback and, therefore, assume it is not used and relied on for 
planning purposes and/or development of new policies and guidelines at national level.” 
Lack of feedback mechanisms to district health workers at sub-national levels was 
notably highlighted as a key concern for improved data collection and reporting by 
several district health officials during the eighth National Health Assembly and 17th Joint 
Review Mission in October 2011 in Kampala (MOH 2011) This often results in poor 
quality reporting which in turn results in the information not being used, therefore, 
feeding the negative loop system (Fapohunda 2012). 
Following this visit, work was undertaken in collaboration with the Quality Assurance 
Department and Resource Centre in charge of the HMIS at the Ministry of Health and 
WHO to assess health facility data quality (WHO 2011f). The first results of this data 
quality assessment were included in Uganda’s annual health sector performance report 
(AHSPR 2010/12) and were presented at the eighth National Health Assembly  and 17th 
Joint Review Mission in October 2011 in Kampala (MOH 2011) by the author of this 
study. The data quality assessment and key conclusions of the M&E practices of the 
present case study were welcomed by all parties, including the Minister of Health, as a 
good first step towards improving data quality issues and towards increasing confidence 
in nationally collected data and improving M&E country mechanisms. 
Institutional capacity 
The shortage and level of human capacity at different levels to coordinate, analyse 
and report on information in a comprehensive and timely manner is one of the major 
shortfalls of the health information system in Uganda. The Ministry had a limited 
number of professionals able to undertake quantitative tasks, with a very high staff 
turn-over. The limited number of positions to work on the HMIS within the Resource 
Centre at the Ministry remains regularly vacant or filled by unqualified staff. As 
indicated by several interviewees, the data processing work is regularly done by interns 
that commonly stay for a few months before moving on to further studies taking with 
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them the gained experience and know-how. At the time of the visit, there were eight 
interns working in the resource centre of the MOH and six at the Uganda Bureau of 
Statistics (UBOS) where in addition the number of qualified professionals was reported 
to be declining with time (Gore and Boerma 2011) as a results of “better employment 
prospects elsewhere or study opportunities”. The School of Public Health, the Institute of 
Technology and the Economic Policy Research Centre (EPRC) at Makerere University 
provide regular support to the Ministry, notably through the National Health Account 
(NHA) exercise or in supporting the planning, implementation and evaluation of health 
programmes. Nonetheless, as indicated by the Executive Director of the EPRC at 
Makerere University during the interview “Despite our best efforts, no formal 
mechanisms are in place and support is provided on an ad-hoc basis.” 
3.2.11 Discussion 
Overall, the qualitative analysis and synthesis of the current assessment concluded 
that institutional capacity was weak. Nonetheless, there are many positive 
developments, such as increased awareness concerning data quality and undertaking 
data quality assessments, the publication and implementation of an M&E plan are 
occurring in Uganda with respect to M&E mechanisms and practices suggesting greater 
demand and use of health information. Although many components are sound and good 
M&E mechanisms are in place, a lack of clarity and structure remains on how these 
components fit together as was indicated by the majority of interviewees. All 26 
respondents indicated that greater efforts are needed with respect to improving 
institutional capacity and analysis of data for assessing its quality, as well as ensuring 
that the collected and analysed data are included in annual progress and performance 
reports and other assessments for better decision-making. Another critical issue raised 
strongly by the Head of the resource centre in the quality assurance department was 
with respect to defining clear roles and responsibilities for M&E and assigning a lead in 
this role within the Ministry, as well as beyond, taking stock of in-country capacity 
within academic institutions and other government agencies, involving partners in the 
M&E processes. Uganda is clearly demonstrating its engagement towards improving 
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M&E processes, for example, through the development and publication of the “Uganda 
Monitoring and Evaluation Plan for Health Sector Strategic & Investment Plan 2010/11 – 
2014/15”, a core set of health indicators to report on, inclusion of data quality 
assessments at district level in their annual health sector reviews, as well as additional 
annual data collection at healthcare facility level through the use of the “Service 
Availability and Readiness Assessment” (SARA) tool (MOH 2010, MOH 2011, MOH 2011, 
WHO 2013f). 
3.2.12 Conclusion 
Much still needs to be done in Uganda but also in many low-and middle income 
countries to improve the underlying sources of data that would help strengthen reliable 
and effective M&E country practices and information for assessing population health. 
This is not a trivial task and requires long-term technical and financial investments by 
governments and development partners. The following two chapters aim to outline 
current methods for assessing the burden of disease (Chapter 4 and 5) and propose a 
short-term intermediary step to help highlight existing data gaps in population health 
and to improve available evidence through the use of the National Burden of Disease 
(NBD) toolkit. 
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Chapter 4 ASSESSING THE BURDEN OF 
DISEASE  
 
4.1 Introduction 
Chapter 2 highlighted the lack of data and good quality information that is available 
to assess the burden of disease at global, regional and country level. In order to attempt 
to fill such gaps, work at the global level in the early nineties started to develop health 
estimates and comparable measure for population health and has been evolving ever 
since by Murray and others (Murray and Lopez 1997a, Murray and Lopez 1997b, Murray 
and Lopez 1997c, Lopez and Murray 1998, Morrow et al. 1998, Murray and Lopez 1999, 
Ezzati et al. 2002, Murray et al. 2003, Ezzati et al. 2004, Ezzati et al. 2006, Lopez et al. 
2006a, Lopez et al. 2006b, WHO 2008a, Patton et al. 2009, Gore et al. 2011, WHO 
2011e, Lozano et al. 2012, Murray et al. 2012b). 
On a regular basis, the estimation process has provided estimates of diseases people 
are suffering and dying from and where in the world, enabling comparison across 
regions and countries. As a result, more targeted investments and prioritization of 
health interventions have been made at all levels to attempt to improve health. 
However, has global population health really improved? Or are we just better able to 
give accurate estimates? There is no doubt that the answer to the former question, is 
‘yes’. Health has improved in the last 20 years. This can be seen notably in reductions in 
child mortality rates which are reported to have decreased from just over 12 million in 
the early nineties to approximately seven million in 2010 (Liu et al. 2012, UNICEF 2012, 
UNICEF 2013a). However, there are many data gaps, and thus, much of the available 
estimates and disease burden work continue to rely on complex statistical modeling and 
assumptions. This poses the question of how realistic these estimates are that are 
produced by these models and how much progress in child mortality reduction has 
actually been made, especially in reaching those that are most vulnerable or whether 
this is based on better reporting. Additionally, different sets of estimates referring to the 
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same year have been published by different groups, i.e. the Institute for Health Metrics 
and Evaluation (IHME) and United Nations organizations (e.g. United Nations Inter-
agency Group for Child Mortality Estimation (UN-IGME). Case study 3 presented in this 
chapter describes the differences in published estimates for child mortality, malaria and 
diarrhoea. Exploring these differences is important as having different estimates has 
implications for the application of global burden of disease methods and its results, as 
well as policy implications at all levels, whether the estimates be used by international, 
regional or national donors for investment or for decision-making at country level by key 
health stakeholders. Two additional case studies (Case study 4 & 5) are presented in this 
chapter to assess the applicability of a global burden of disease tool for assessing the 
health impact of unsafe water, sanitation and hygiene and discussing its use from a 
country-level perspective. 
4.2 Burden of disease: the Global Burden of Disease approach 
4.2.1 Background 
Much of the global burden of disease work has been led by Christopher Murray 
during his appointment at WHO in the late nineties, and subsequently as the Director of 
the Institute for Health Metrics Evaluation (IHME), in collaboration with other leading 
experts in the area of burden of disease work, e.g. Alan Lopez from the University of 
Queensland and others at Harvard University. Although efforts for strong collaboration 
at global level have been attempted in recent years among the key global players, WHO 
and its UN partners have only partly collaborated in the most recent study led by IHME, 
resulting in different estimates from different groups. Different groups publishing 
different estimates do by no means serve the decision-makers, key stakeholders and 
populations in countries, mere spectators of the estimate debate. Nonetheless, despite 
academic debates among the global community, on which statistical model and which 
regression to use to produce the most realistic estimates - whether it comes from WHO, 
UNICEF, academic institutions such as Harvard, Johns Hopkins or the University of 
Queensland in Australia, and international experts - the global burden of disease 
approach and framework provide a way forward that tries to address data gaps and to 
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provide comparable estimates of mortality and morbidity rates around the world from a 
health outcome and risk factor point of view (e.g. CRA - Comparative Risk Factor 
Assessment), including the assessment of the environmental burden of disease, an 
integral part of global burden of disease work (Ezzati et al. 2006, Stevens et al. 2009, 
WHO 2009a).  
A case study in section 3.3.4 will highlight some of these differences, notably in the 
total number of deaths in children under five and compare different sets of mortality 
estimates for malaria and diarrhoea. 
4.2.2 Assessing tools for estimating burden of disease  
The development of burden of disease work has resulted, over the last 20 years, in 
the development of a complex array of guidance and tools to estimate the 
environmental burden of disease, particularly in the field of environmental burden of 
disease assessments, proposed for use at global, regional, national or local level (WHO 
2013a). The data demand and analytical capacity required to use these tools are 
extensive, resulting in key stakeholders at country level being unable to make use of 
them, either due to a lack of capacity at country level or simply due to a lack of data 
needed to apply them, as outlined in the needs assessment in Chapter 3. This further 
widens the gap of what is proposed at global level and what is possible at country level 
(Rudan et al. 2005, Boerma and Stansfield 2007, Jankovic et al. 2007, Walker et al. 2007, 
Dodhia and Phillips 2008). 
In an attempt to assess the applicability and usability of environmental burden of 
disease estimation method in the area of the environmental burden of disease 
assessments, two case studies are presented in section 3.3.6. The first will attempt to 
apply globally developed estimates from 192 countries to the tool and the second to 
apply the method to locally derived information on the burden of disease attributable to 
unsafe water, sanitation and hygiene for three countries in sub-Saharan Africa.  
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The objectives of the two case studies assessing the environmental burden of disease 
are to: 
i)  estimate the Environmental Burden of Disease (EBD) associated with unsafe water, 
poor sanitation and inadequate hygiene using the spreadsheets provided by WHO; 
ii)  assess the applicability of the WHO EBD assessment methods associated with unsafe 
WSH and malnutrition using WHO estimates and United Nations High Commissioner 
for Refugees (UNHCR) information, i.e. routinely collected data in refugee camps;  
The environmental burden of disease (EBD) series, a burden of disease tool focused 
on environmental risks, provides guidance for assessing the health burden of specific 
environmental risk factors (Prüss-Üstün et al 2003). The EBD guidance used to measure 
malnutrition (Blössner and de Onis 2005) was adopted to undertake the current 
research in combination with the guide on Water, sanitation and hygiene, co-authored 
as part of this work (Fewtrell et al. 2007). 
The rationale for combining two environmental risk factors is the increased 
realization that environmental risk factors do not operate in isolation. Particularly, the 
effects of unsafe water, sanitation and hygiene and the associated infectious disease 
burden that can affect a malnourished child are likely to be exacerbated. 
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4.3 Burden of disease studies 
4.3.1 Introduction 
The body of literature relating to the global burden of disease is vast. The first report 
published by the World Bank in 1993 and a paper about this topic was published in 1994 
by Murray and Lopez (WB 1993, Murray 1994, Murray et al. 1994). Since then, there has 
been a number of reports, books and studies on the subject, with the latest study results 
published in December 2012 (GBD 2010 study) .(Lim et al. 2012, Lozano et al. 2012, Vos 
et al. 2012, Wang et al. 2012, Murray et al. 2012a, Murray et al. 2012b, Salomon et al. 
2012b, Murray et al. 2012c).  
The global burden of disease studies aim to provide a consistent and comparative 
description of mortality and morbidity due to a given disease, risk factor or injury across 
populations worldwide (WHO 2008a). These studies provide a framework for 
integrating, validating, analyzing and disseminating population health information (WHO 
2008a). The summary measure used in these studies is the Disability Adjusted Life Year 
(DALY), which combines the years of life lost due to disability (YLD) with the years of life 
lost due to death (YLL) (Murray and Lopez 1997a, Murray 2002, WHO 2003, Lopez et al. 
2006a, WHO 2007c, WHO 2008a). One DALY can be considered  as one year of healthy 
life lost and the burden of disease as a measure of the gap between current health 
status and an ideal situation where everyone lives into old age free from disease and 
disability (Lopez et al. 2006a, WHO 2008a). DALYs use a standard expected-life lost 
based on model life-tables (Murray 1994). A life table provides a comprehensive 
description of mortality in a population where age-specific death rates are calculated 
from information from vital registration and census surveys (Murray et al. 2001a). A 
detailed description of how to construct life tables, data, methods and results is 
provided in the literature (Lopez et al. 2001, Murray et al. 2001a, Murray et al. 2001b). 
Many issues arise when estimating the burden of disease at global, national or local 
levels, whether DALYs or other measures such as other measures such as Quality-
Adjusted Life Years (QALYs) are used, neither of which are perfect and have been much 
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debated (Guerrant et al. 2002, Voigt and King 2014). These issues may relate to data 
sources, the lack of data and data quality on the one hand, issues highlighted in Chapter 
2, but on the other hand may also relate to methods and measurements used to 
estimate the burden. Many links (whether direct or indirect) interact when estimating 
the burden of disease (e.g. co-morbidities, two or more coexisting medical conditions) 
(Last 2001c) or aggravating factors (e.g. a risk factor leading to ill-health in turn 
increasing vulnerability and leading to other exacerbated health outcomes) (Lopez et al. 
2006b).  
4.3.2 Global Burden of Disease 2010 Study 
The global burden of disease study 2010 (GBD study 2010) led by the Institute for 
Health Metrics and Evaluation (IHME) at the University of Washington, Seattle, USA was 
funded by the Bill and Melinda Gates Foundation (Horton 2012, IHME 2013). The results 
of this study were published in a special issue of the Lancet in December 2012 consisting 
of seven papers after more than five years work by more than 200 individuals and 
academics around the world. This study represents an unprecedented effort to improve 
global and regional estimates of the burden of disease (Lim et al. 2012, Lozano et al. 
2012, Vos et al. 2012, Wang et al. 2012, Salomon et al. 2012a, Murray et al. 2012b, 
Salomon et al. 2012b). The GBD 2010 study includes estimates of deaths and disability 
for a comprehensive set of diseases and injury causes for the years 1990, 2005 and 
2010, as well as estimates of attributable mortality and burden of disease for a set of 67 
risk factors, including environmental health risk factors, and estimates of healthy life 
expectancy (Lim et al. 2012, Lozano et al. 2012, Vos et al. 2012, Wang et al. 2012, 
Murray et al. 2012a, Murray et al. 2012b, Salomon et al. 2012b, Murray et al. 2012c). 
Core collaborators in the GBD 2010 study included WHO staff, the University of 
Queensland, Johns Hopkins University and Harvard University. The involvement of WHO 
has varied widely. In some cases, some departments at WHO have collaborated closely 
with IHME. However, in other cases, WHO did not have the opportunity to access all the 
datasets used, methods or any results. For some diseases, injuries and risk factors, the 
GBD 2010 study results differ substantially from WHO and UN analyses despite the use 
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of the same available national data. Differences, such as estimates by the United 
Nations Inter–agency Group for Child Mortality Estimation (UN-IGME) for child 
mortality, notably for malaria or diarrhoea estimates, are further discussed in section 
3.3.4 ‘The conundrum of estimates’. Overall, this has resulted in different sets of 
estimates emerging from global level, UN-IGME including WHO, UNICEF, World Bank 
and expert groups on one side and IHME collaborators and experts on the other. In 
order to overcome the lack of endorsement of the results, a WHO expert committee has 
been set-up to carry out a peer review of the GBD 2010 estimates. A meeting took place 
in Geneva in February 2013 to take stock of existing and new approaches in global 
health estimation and to discuss ways to improve current practices. The participants 
included key stakeholders from WHO disease expert groups, relevant UN agencies, 
donors (the Global Alliance for Vaccines and Immunisation (GAVI), the Global Fund to 
fight AIDS, Tuberculosis and Malaria) and representatives from countries and academia, 
including IHME (WHO 2012e). Despite indication from all parties to share data sources, 
methods and underlying assumption, this has proven problematic and has not been 
resolved to this day. 
4.4 National Burden of Disease studies 
4.4.1 Introduction 
Since the publication of the World Bank report “World Development Report 1993: 
Investing in Health” in 1993 (WB 1993) and the GBD study results in 1996 (Murray and 
Lopez 1996), many countries indicated their interest in assessing their country burden of 
disease (WHO 2001a). The first burden of disease study was initiated in 1993 Andhra 
Pradesh Burden of Disease (APBD) (IHS 1993), in collaboration with the Administrative 
Staff College of India (ASCI), right after the release of the first Global Burden of Disease 
Study results from the World Bank report (WB 1993). The aim of the literature search 
was to assess available national burden of disease studies in order to identify the gaps 
and limitations encountered by authors.  
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4.4.2 Methods 
A comprehensive and systematic literature search was undertaken as part of this 
work to establish countries in which a national burden of disease study has been 
undertaken since the early nineties. A systematic approach to identify the literature 
where countries have assessed the burden of disease has not yet been done. The 
literature search was conducted using the main search terms in the title: “burden” and 
“disease” including in the title the name of a country. 192 countries were included in the 
search strategy (Annex F). This search yielded 1153 articles in PUBMED which contained 
the words burden and disease as well as the name of a country within the title or as a 
MeSH term within the text. When limiting the country name to the title, the search 
yielded 641 articles. Excluded from these were studies and articles that focused on a 
single disease category, a series of conditions or a specific risk factor. However, if the 
study focused on a comparative risk assessment, the environmental burden of disease in 
general, at least four environmental risk factors or unsafe water, sanitation and hygiene 
or undernutrition specifically, these were included in the final results. Also included 
were studies with a specific target population (e.g. the elderly, adolescents or refugees). 
The search included titles going back to 1990 and 59 studies were selected and 
extracted. Eight of these studies were regional: four from Africa (Coleman 1998, Cooper 
et al. 1998, Würthwein et al. 2001, Cronin et al. 2009), three from Europe (Essink-Bot et 
al. 2002, Valent et al. 2004, Powles et al. 2005), one from Latin America (Gomez Dantes 
et al. 2011) and one from the Middle East (Gibson 2011). These were reviewed to 
establish whether they included estimates of population health for several countries at 
a time. Of these, three were excluded based on their title as they focused on 
highlighting the lack of data or discussing methods rather than presenting any burden of 
disease results for a country (Fig. 14).  
 
Page 86 of 248 
 
 
Figure 14: Flow diagram of the search strategy for national burden of disease studies  
One specific study by Polinder et al (2012) reviewed the methodologies used in 
burden of disease studies, specifically looking at data quality, methods to calculate 
DALYs, and whether uncertainty and risk factor analyses had been performed. The 
authors also compared DALY outcomes between the studies (Polinder et al. 2012). 
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REGION COUNTRY SUB-NATIONAL STUDY TARGET POPULATION OR RISK FACTOR AUTHOR(S) AND YEAR OF PUBLICATION 
AFRICA     
 Burkina Faso 
Ethiopia 
Ghana 
Kenya 
Kenya 
 
 
 
 
Nairobi 
 
Rural populations 
 
HIV-seropositive adult cohort 
Slum residents 
(Würthwein et al. 2001) 
(Abdulahi et al. 2001) 
No authors listed (Anonymous 1981) 
(Mwachari et al. 2004) 
(Kyobutungi et al. 2008) 
 Mauritius 
Mauritius 
Mozambique 
 
 
Maputo City 
 
 
(Vos et al. 1996) 
(Vos 1998) 
(Dgedge et al. 2001) 
 South Africa 
South Africa 
South Africa 
South Africa 
South Africa 
South Africa 
South Africa 
Tanzania 
Uganda 
Uganda 
Uganda 
Zimbabwe 
Zimbabwe 
 
 
Provincial estimates 
 
 
 
 
 
 
 
 
Malnutrition 
WSH 
CRA 
CRA 
Pre-school children rural areas 
 
 
 
 
(Bradshaw et al. 2003) 
(van Niekerk 2003) 
(Bradshaw et al. 2006) 
(Nannan et al. 2007) 
(Lewin et al. 2007) 
(Norman et al. 2007) 
(Norman et al. 2010) 
(Neuvians et al. 1988) 
(Kapiriri and Norheim 2002) 
(Kapiriri et al. 2003) 
(Jeppsson et al. 2004) 
(Chapman et al. 2006) 
(Hansen and Chapman 2008) 
EUROPE   
 
  
 Estonia 
Italy 
The Netherlands 
Serbia 
Spain 
Spain 
Spain 
Spain 
Spain 
Sweden 
Sweden 
Sweden 
Switzerland 
Syria 
Turkey 
Turkey 
Turkey 
United Kingdom 
 
 
 
 
Valencia Region 
 
 
 
 
 
 
 
 
 
 
 
 
English region 
 
 
 
 
 
Adolescents and young people 
 
Elderly 
Under 15 year olds 
 
 
CRA 
 
 
 
 
 
 
(Lai et al. 2009) 
(Francescutti et al. 2005) 
(Melse et al. 2000) 
(Jankovic et al. 2007) 
(Catala-Lopez et al. 2013) 
(Catala-Lopez et al. 2013) 
(Genova-Maleras et al. 2012) 
(Genova-Maleras et al. 2011) 
(Cortes Garcia et al. 2004) 
(Ljung et al. 2005) 
(Moradi et al. 2006) 
(Agardh et al. 2008) 
(Schopper et al. 2000) 
(Laaser 2007) 
(MOH 2004) 
(Akgün 2004) 
(Akgün et al. 2007) 
(Bowie et al. 1997) 
Table 5: Literature search results for national burden of disease studies (99 studies) 
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United Kingdom 
United Kingdom 
United Kingdom 
United Kingdom 
United Kingdom 
United Kingdom 
West Pennine 
London (2 boroughs) 
England 
Borough of Wirral 
 
 
 
 
CRA 
 
CRA 
(DOH 1998) 
(Dodhia and Phillips 2008) 
(Davies 2012) 
(Moller et al. 2012) 
(Murray et al. 2013) 
(Caley et al. 2013) 
EASTERN 
MEDITERRANEAN 
    
 Iran 
Iran 
Iran 
Pakistan 
Qatar 
Qatar 
  
 
 
 
Women 
(Russel 2005) 
(Naghavi et al. 2009) 
(Jafari et al. 2009) 
(Hyder and Morrow 2000) 
(Kim et al. 2013) 
(Bener et al. 2013) 
THE AMERICAS     
 Colombia 
Colombia 
Mexico 
Mexico 
Mexico 
Mexico 
United States 
United States 
United States 
United States 
United States 
United States 
United States 
United States 
United States 
United Stats 
United States 
United States 
United States 
United States 
 
 
 
 
Rhode Island 
 
 
Rhode Island 
 
 
 
 
 
 
 
Los Angeles County 
US-Mexico border 
 
 
Elderly 
 
 
 
EBD 
 
Social and behavioural risk factors 
 
Refugee from Africa and Iraq 
Hurricane Katrina-displaced persons 
 
African-American population 
Income associated BOD 
 
EBD Arab-American communities 
Employed population 
 
(Ramírez et al. 2008) 
(Lozano-Ascencio et al. 1996) 
(Tobias 2008) 
(Gutierrez-Delgado and Guajardo-Barron 2009) 
(Stevens et al. 2008) 
(Pugh and Zarus 2012) 
(Jiang and Hesser 2012) 
(Muennig et al. 2010) 
(McKenna and Zohrabian 2009) 
(Vallejo et al. 2009) 
(Greenough et al. 2008) 
(Michaud et al. 2006) 
(Franks et al. 2006) 
(Muennig et al. 2005) 
(McKenna et al. 2005) 
(Johnson et al. 2005) 
(Friedman et al. 2004) 
(Kominski et al. 2002) 
(Nickey 1989) 
SOUTH-EAST ASIA     
 India 
Malaysia 
Singapore 
Singapore 
Sri Lanka 
Thailand 
Thailand 
Andhra Pradesh 
 
 
 
(IHS 1993) 
(Yusoff et al. 2013) 
(Phua et al. 2009) 
(MOH 2009) 
(Wijewardene and Spohr 2000) 
(Bundhamcharoen et al. 2002) 
(Bundhamcharoen et al. 2011) 
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WESTERN PACIFIC     
 Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
China 
China 
New Zealand 
New Zealand 
Republic of Korea 
 
Victoria 
Victoria 
 
 
 
Victoria 
Queensland 
Northern Territory 
Western Australia 
Western Australia 
South Australia 
 
Queensland 
 
Torres Strait islands 
Yunnan Province 
Yunnan Province (Shilin County) 
 
1999 
1999 
 
 
 
 
 
Aboriginal and non-Aboriginal 
 
Projections for 2016 
 
 
 
 
Aboriginal 
Yi people 
 
 
(Mathers et al. 1999) 
(DHS 1999a) 
(DHS 1999b) 
(Mathers and Vos 2000) 
(Mathers et al. 2000) 
(Mathers et al. 2001) 
(DHS 2001) 
(Pike et al. 2002) 
(Zhao et al. 2004) 
(Somerford and Katzenellenbogen 2004) 
(Somerford et al. 2004) 
(SADOH 2005) 
(Begg et al. 2007) 
(Begg et al. 2008a) 
(Begg et al. 2008b) 
(Vos et al. 2009) 
(Zhou et al. 2009) 
(Zhou et al. 2011) 
(Tobias 2001) 
(Mills et al. 2002) 
(Yoon et al. 2007) 
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4.4.3 National burden of disease studies: limitations to the burden of disease 
approach 
A number of limitations were highlighted by the authors in the identified national 
burden of disease studies. The main limitations identified related to important data gaps 
and the lack of available good quality data. 
Würthwein et al (2001) attempted to estimate the burden of disease in a rural health 
district, Nouma, in Burkina Faso using locally derived data and to compare it with 
estimates from the global burden of disease study (Murray and Lopez 1996, Würthwein 
et al. 2001). One of the main conclusions of this study is the fact that results published 
by Murray and Lopez (1996) would provide adequate information for local health 
decision-making. The overall burden of disease distribution for gender and age from the 
study in Burkina Faso fits those of Murray and Lopez (1996), with child mortality being a 
fraction less than what is reported in Murray and Lopez. However, the authors of the 
Burkina Faso study note that the rankings of diseases display considerable difference 
(Würthwein et al. 2001). 
Another study in Turkey attempted to apply the global burden of disease approach 
using different locally-derived datasets to derive cause-specific mortality (Akgün et al. 
2007). This study highlighted important weaknesses in data collection systems in the 
country and the lack of reliable information on cause-specific mortality, particularly in 
rural areas where registration systems are dysfunctional, therefore, requiring the need 
to rely on statistical modeling to derive burden of disease estimates and results (Akgün 
et al. 2007). One of the key conclusions of this study stated: “There is undoubtedly 
substantial uncertainty in the estimated cause of death pattern given the problems with 
the underlying mortality data in Turkey […] The approach is only as reliable as the 
underlying data to which the methods are applied and no amount of methodological 
rigour can compensate for poor quality data in mortality estimation.” (p.598) (Akgün et 
al. 2007). This study clearly highlights the major limitations of applying the global 
burden of disease framework and approach in countries with incomplete or fragmentary 
data. This is particularly the case for less developed regions, particularly in sub-Saharan 
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Africa where registration systems, epidemiological and demographic data are nearly 
non-existent (Würthwein et al. 2001). 
Many of these studies noted the challenges in obtaining information on disability and 
the reliance on disability and morbidity data estimates derived from global burden of 
disease studies and modeled data rather than being able to rely on national incidence 
data, generally not available (Hyder and Morrow 2000, Jankovic et al. 2007, Dodhia and 
Phillips 2008). Another limitation highlighted was with respect to the quality of assigning 
codes, according to the International Classification of Diseases (ICD), the standard 
diagnostic tool for classifying diseases and other health problems on death certificates 
and health records (WHO 2013d). Issues concerning coding practices for primary health 
care data or lack of use of ICD codes were raised in a number of studies (Mills et al. 
2002, Kim et al. 2013).  
Overall, regarding challenges and limiting factors in undertaking burden of disease 
assessments, all studies clearly state the lack of available data at country level to do 
such studies and the lack of certainty in the resulting estimates. 
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4.5 Case study 3: the conundrum of estimates using child mortality, 
malaria and diarrhoea estimates as examples 
4.5.1 Introduction 
It has been estimated that almost one in five of all deaths in the world are of children 
aged under five (WHO 2008a). Every year, it is reported that approximately seven 
million children under the age of five die mainly of acute respiratory infections (mainly 
pneumonia), diarrhoeal diseases, prematurity and low birth weight (LBW), neonatal 
infections, birth asphyxia and malaria (Liu et al. 2012). Children are more prone to 
disease because their immune system has not yet fully developed (Landrigan and Garg 
2004). As a consequence, they find themselves being less able to fight infections caused 
by environmental threats, such as food contamination, poor water and sanitation, and 
inadequate hygiene, for example, than adults are, and therefore become more likely to 
fall into the vicious circle of malnutrition and disease (Duncan et al. 2004, Landrigan and 
Garg 2004).  
Investigating the published results of the GBD 2010 study by IHME, there are 
similarities in some areas  to WHO’s published estimates developed in parallel to the 
GBD 2010 study (e.g. mean blood pressure and blood glucose/diabetes prevalence) 
(Danaei et al. 2011a, Danaei et al. 2011b). However, there are a number of areas where 
the estimates differ from existing analyses undertaken by WHO and other UN agencies 
at global, regional and country level.  
4.5.2  Methods 
The aim of this section is to discuss differences in child mortality estimates produced 
by the UN-IGME and those that were published in the Lancet by the IHME (Alkema and 
You 2012, Lozano et al. 2012)). This case study was developed for this research with 
assistance from M. Oestergaard (analysis), M. Inoue (analysis), and C. Mathers (analysis 
and interpretation of results) (WHO). Comments were obtained from T. Boerma (WHO), 
D. You and T. Wardlaw (UNICEF) and colleagues from DESA. The objective is to compare 
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two set of estimates developed by two groups, namely the IHME and the UN-IGME to 
assess the differences in developed estimates.  
4.5.3  Background 
The United Nations Inter–agency Group for Child Mortality Estimation (UN – IGME) 
was established in 2004 to advance the work on monitoring progress towards the 
achievement of MDG4 regarding the reduction of child mortality and publish annual 
reports on the levels and trends (UNICEF 2010, UNICEF 2011, Alkema and You 2012, 
UNICEF 2012). The group is composed of UNICEF, WHO, The World Bank and the United 
Nations Population Division (DESA) as well as experts from academic institutions. The 
main objectives of the UN – IGME are: i) to produce and disseminate global, regional 
and country estimates of levels and trends of mortality in childhood; and ii) to enhance 
the capacity of countries to assess child mortality data and produce timely estimates. 
Estimates for 197 countries for the period 1990 – 2010 for under-fives and infant 
mortality estimates and neonatal mortality were published in September 2011 in the 
report Levels and Trend in Child Mortality — Report 2011 (UNICEF 2011). These were 
further updated and published in September 2012 (UNICEF 2012). Prior to these 
publications, the countries had the possibility to review these estimates and to provide 
additional data. UNICEF maintains a site with all the background information and 
interactive graphs showing rates and trends, ensuring broad access to data and analysis 
(UNICEF 2013c). 
Both the UN - IGME and IHME use the following strategy to prepare annual country 
trend estimates:  
1. Compile and assess the quality of all available empirical data — mainly civil 
registration, household survey, census and surveillance system — relevant to the 
estimation of child/maternal mortality. 
2. Adjust empirical data to account for possible biases in data collection. 
3. Apply models to generate estimates of child and maternal mortality from the 
adjusted data. 
4. Use the model to extrapolate estimates to a target year. 
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UN – IGME Child mortality (UNICEF 2011): 
1. The empirical data used is available in the Child Mortality Estimation (CME) 
information database (UNICEF 2013c). 
2. UN – IGME uses a loess regression, a specific analysis involving finding the most 
suitable mathematical match for each country to estimate under–five mortality.  
IHME (Lozano et al. 2011) : 
1. In their most recent paper on child and maternal analysis, IHME updated their 
estimation methods for maternal mortality (Hogan et al 2010) whereas for child 
mortality, the paper used the same methods as their previously published 
analysis (Rajaratnam et al. 2010).  
2. During the year prior to the publication of the latest paper, more data was 
included for the analysis — the extent of how much more was included is unclear 
as the paper does not clearly define how the data observations were counted.  
3. The paper does not explain how IHME adjusted data input for known biases, or 
defined and excluded outliers.   
4. For the HIV/AIDS epidemic, concerning child mortality, no special adjustments 
were made in the previous analysis and the latest paper does not mention any 
specific treatment. 
4.5.4  Results 
The Institute for Health Metrics and Evaluation (IHME), the United Nations Inter-
Agency Group for Child Mortality Estimation (UN – IGME) and the Maternal Mortality 
Estimation Inter-Agency Group (MMEIG) all systematically scan possible data sources, 
however, it is unclear what the differences are in the data used between the UN and 
IHME as the latter’s database and data adjustment methods are not available publicly. 
The approach regarding the HIV epidemic is different. In the beginning of the estimation 
process, UN – IGME assess published estimation methods, including those published by 
IHME. However, the statistical methods used by IHME tend to require extensive 
computer processing time compared to the UN method; its added value is unclear, as 
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the predictive performance of the ensemble of 338 covariate models is only marginally 
better than that of the most suitable single model. A key parameter for the selection of 
methods by the UN – IGME is that countries should be able to reproduce results by 
applying the UN methods. The computation requirements of IHME's methods prevent 
most countries from replicating them. Finally, IHME and UN – IGME all explore possible 
statistical models before deciding on the most suitably performing statistical model to 
prepare mortality estimates. Both the UN - IGME and IHME use out–of–sample 
predictive measures for most of these evaluations. 
1. Differences between under–five levels and trends of mortality estimated by IHME 
and UN – IGME are negligible. Both the UN - IGME and IHME estimates suggest that 
substantial progress has been made in reducing child mortality in the last two 
decades, basing such an assumption on the modeled data used to derive the 
estimates. 
2. Globally, the 7.6 million deaths estimated by the UN – IGME for 2010 are included 
in the 95% Confidence Interval provided by IHME [7.2; 95%CI (6.6 – 7.8 million)] for 
2011. The average annual rate of reduction (AARR) was estimated at 2.2% by both 
IHME for 1990–-2011 and UN – IGME for 1990–2010. When looking at WHO 
regions, the results remain very close; the biggest differences in the number of 
deaths are in Eastern Mediterranean with a difference of 200,000 deaths (Table 6). 
Table 6: Under–five mortality, UN – IGME for the year 2010 and IHME for the year 2011, 
by WHO Region 
WHO Region 
Number of deaths 
(millions) 
Rate (per 1000 
live births) 
Average annual rate of 
reduction of the rate (%) 
UN–
IGME 
2010 
IHME 
2011 
UN–
IGME 
2010 
IHME 
2011 
UN–IGME 
1990–
2010 
IHME  
1990–2011 
World 7.6 7.2 57 53 2.2 2.2 
Africa 3.5 3.4 119 114 1.8 2.1 
Americas 0.3 0.3 18 18 4.1 3.8 
Eastern 
Mediterranean 1.1 0.9 68 58 1.9 2.3 
Europe 0.2 0.2 14 14 4.2 3.5 
South–East Asia 2.1 2.1 56 56 3.3 3.2 
Western Pacific 0.5 0.4 19 15 4.4 4.5 
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3. At the country level, the major differences are for i) countries with conflicts or civil 
insecurity; ii) some countries with high HIV prevalence; and iii) some countries with 
data gap (Fig.15).  
 
Figure 15: Comparison under five mortality rates (U5MR), UN – IGME and IHME 
estimates, 1990, 2000, latest estimated years (analysis done by M. Oestergaard and M. 
Inoue) 
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4.5.5  Discussion 
Based on the results presented in the previous section, the differences in child 
mortality estimates between the UN and IHME, whether the numbers, the rates or the 
average annual reduction rates, highlight two main issues: (1) more data tend to reduce 
estimation variation between various statistical models; and (2) the greater number of 
outcomes provide more stable estimates. As more and better data are collected for 
child and maternal deaths, the choice of statistical model is expected to have less 
impact on estimation results, so that results from different estimation methods will tend 
to converge. If complete death registration systems were available in all countries, 
estimation results would come directly from the registration systems, no longer 
requiring modelling. 
The UN – IGME/MMEIG and other partners aim for a transparent process, 
reproducible methods, and country involvement and strive to follow these principles in 
the process leading to the inter–agency estimates (Boerma et al. 2010). In particular, the 
country consultation with technical focal persons in these countries is carried out before 
publication of any estimates, to review the estimates, data sources, and methods and to 
obtain additional data that may not have been used. Estimation processes are difficult 
and costly. The UN – IGME continue to work closely with their partners and all global 
experts to improve methods and estimates as a means to improving health. There is 
great demand for child mortality and morbidity estimates, as evidenced by the extended 
use of the WHO data. Collaboration with and technical support from academic 
institutions is essential. Accountability to countries is an integral part of the estimation 
process. IHME have been invited to participate in the UN processes, however, there is 
often reluctance to do so. Discussions concerning different estimates and modelling 
strategies should not detract from the urgent actions required to address child and 
maternal mortality. 
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4.5.6 Differences in estimates: Malaria 
A preview of some of the Global Burden of Disease Study 2012 was published in 
February 2012 with estimates relating to malaria mortality between 1980 and 2010 
(Murray et al. 2012c). WHO’s Global Burden of Disease report published in 2008 for the 
year 2004 estimated just under a million deaths due to malaria (889’000) mainly 
considered occurring in children under-five (WHO 2008a). The estimates published by 
Murray et al in 2012, indicated that malaria was killing nearly twice the number of 
people than previously thought, culminating at 1.8 million (uncertainty ranges: 
1’430’000 – 2’366’000) for that same year (Murray et al. 2012c). Additionally, Murray et 
al reported that many of these deaths were occurring in individuals aged five years or 
above. How can a gap of nearly one million deaths attributable to malaria for the same 
year be possible? The estimates for the year 2010 indicated 1’238’000 by Murray et al 
(2012b) and 655’000 by WHO (WHO 2011c). Murray et al reported that the assumption 
had previously been that malaria killed children under-five primarily and consequently a 
large number of deaths in older populations had been overlooked. The new estimates 
are said to be supported by unidentified hospital records, death records and other 
sources, but mainly by the use of verbal autopsy (VA) data (Murray et al. 2012c). Such 
differences have caused much debate and controversy. Lynch et al  highlighted the large 
uncertainty ranges for both sets of estimates and indicate that these overlap, therefore, 
making any large differences less significant (Lynch et al. 2012). Others have justifiably 
questioned the use of VA, as the method can give misleading results due to difficulties in 
distinguishing severe malaria with other severe febrile illnesses for example (White et al. 
2012). Interestingly, the final estimates for malarial deaths in the Global Burden of 
Disease Study 2010 were reported as 1’169’500 (916’500 – 1’526’900 uncertainty range) 
(Lozano et al. 2012).  
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4.5.7 Differences in estimates: Diarrhoeal disease 
Another example regards estimates attributable to diarrhoeal diseases and 
substantial differences between various published estimates in the last five years only. 
Although the total number of deaths due to diarrhoeal diseases totals 1.5 million for all 
age groups (1’278’900 – 1’607’000 uncertainty range) according to (Lozano et al. 2012), 
Lozano et al estimates that only a portion of these deaths occur in children under five, 
causing 664,539 deaths (Table 5), whereas the estimate made by Liu et al’(2012)  is 
751,000 for children aged 1 to 59 months, and 801,000 for all under-fives, representing 
a 17% difference. Interestingly, Liu’s article refers to UNICEF 2011 total number of 
deaths for the year 2010 as 7,614,000, a 10.9% proportion of deaths attributable to 
diarrhoea but the number of deaths as 801,000 (Liu et al. 2012, UNICEF 2012). When 
applying a 10.9% proportion to the total number of child under five deaths (7,614,000), 
the result is 829,926 deaths. Both these estimates are half of WHO’s estimate published 
in the burden of disease 2004 report in 2008 which indicated 1,664 million deaths in 
children under five due to diarrhoeal disease, 60% difference with Lozano et al’(2012) 
current estimate (WHO 2008a). A recently published article by Prüss-Ustün and 
colleagues (2014) report a total of 842’000 deaths attributed to diarrhoea in all age 
groups in 2012 (Prüss-Üstun et al. 2014). 
Table 7: Total number of deaths in children under five (U5), proportional attribution 
of diarrhoeal deaths and number of deaths from diarrhoea from different sources. 
Extracted from (WHO 2008a, UNICEF 2011, Liu et al. 2012, Lozano et al. 2012, WHO 2012a, WHO 2013g) 
 
Total number of 
under-five 
reported deaths
Source for total 
number of deaths
Reference 
year
Proportion 
of 
attributable 
deaths due 
to diarrhoea
Reference 
year
Source for 
proportion of 
attributable deaths 
due to diarrhoea
Number of 
deaths 
attributable to 
diarrhoea
Source
10,400,000         (WHO 2008) 2004 16% 2004 (WHO 2008) 1,664,000         (WHO 2008)
7,148,000           (UNICEF 2012) 2010 10% 2010 (WHO 2012, 2013) 714,800            (UNICEF 2012 & WHO 2012)
6,841,198           (Lozano et al 2012) 2010 9.7% 2010 (Lozano et al 2012) 664,539            (Lozano et al 2012)
7,614,000           (UNICEF 2011) 2010 10.9% 2010 (Black et al 2008) 829,926            (Liu et al 2012)*
* Number of deaths is published as 801,000
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In the UN-IGME’s most recent published report in September 2013, the number of 
child deaths for the year 2010 was revised downwards to 6.998 million deaths which 
would result in 699’800 deaths attributed to diarrhoeal (UNICEF 2013a). What emerges 
from the numbers presented in Table 7 and yearly revisions is that it is very difficult to 
say which estimates are closest to the true extent of child deaths and child causes of 
death. The question that the figures presented in Table 7 pose is whether any reduction 
is reflective of an actual decrease in the number of deaths in children under five from 
diarrhoeal diseases, a change or improvement in the methods used to calculate the 
estimates, access to more data or all of the above. Further investigation on these issues 
and discussions with one of the leading experts in the field, reveals that it is not so much 
about the number of diarrhoeal deaths that has decreased dramatically in the last five 
years, but more about the ‘envelope’ i.e. the total number of child deaths that has 
substantially reduced (C. Mathers, pers. comm.). From the available estimates and 
figures that are reported by the UN-IGME, the total number of reported child deaths has 
gone from an estimated 10.4 million in 2004 to 6.6 million in 2012 (WHO 2008a, UNICEF 
2013a). This has resulted in a substantial reduction in the proportional attributable 
deaths to the main causes within this envelope i.e. squeezing specific causes of deaths 
within a smaller ‘envelope’ reduces all causes significantly, including the proportion 
attributable to diarrhoeal diseases. This proportion was nearly 17% in 2004 (WHO 
2009b) applied to a total of 10.4 million child deaths (WHO 2008a), but only 10% in 2010 
(WHO 2012a) applied to a total of 6.98 million in 2010 (UNICEF 2013a). An extra 
challenge is that with every revision or update of these various reports, numbers in the 
past are re-adjusted in view of the newly available evidence from the past. This results 
in the proportional attribution for example being revised to 12% for the year 2000 as 
published in the World Health Statistics 2009 (WHO 2009b) from 16.5% for the year 
2000 as published in the World Health Statistics report 2008 (WHO 2008d). Therefore, 
obtaining estimates for the number of diarrhoeal deaths depends very much on which 
envelope is used and for which year, and which proportion is applied, making the range 
of estimates for the number of diarrhoeal deaths quite wide.  
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4.6 Discussion 
Overall, this highlights the alarming deficiencies in current data collection, reporting 
systems, the complexities concerning health statistics, their analysis and interpretation 
(Bates et al. 2012). It also reinforces the need for better source data and the importance 
of reliable civil registration systems. Basically, any estimates should be regarded with 
skepticism. Nonetheless, these examples, based on estimates are regarded as a success 
story in the domain of public health, with the overall number of children dying in the 
last decade estimated to be falling dramatically despite all the uncertainties outlined in 
this study. How this reduction was achieved and whether fewer children are dying 
during the neonatal period, from diarrhoeal diseases, malaria, HIV/AIDS, pneumonia, 
measles, injuries or a combination of these is unclear. The fact is that we don’t really 
know, no matter how sophisticated the models are.  
4.7 Conclusion 
The importance of addressing environmental risk factors on health has been 
increasing over the last decade with increased recognition of the direct and indirect 
effect of the environment on health. Exposure to an environmental risk factor can lead 
to multiple diseases and one disease can be linked to several environmental exposures 
(Briggs 2003). Yet, methods used to estimate the burden of disease due to 
environmental factors do this by assessing the risk factors individually and do not take 
into account the complex multiple relationships between them or use methods in 
combination.  
To illustrate this effect, two factors were selected to be assessed in the following case 
study: unsafe water, sanitation and hygiene (WSH) and malnutrition in the next chapter. 
WSH and its associated burden from water-borne diseases, is one of the most, if not the 
most, important issue for human daily sustenance and survival, be it for drinking, 
sanitation or hygiene purposes. It is indeed acknowledged that unsafe WSH lead to 
infectious diseases (diarrhoea, parasites and viruses) (Rowland and McCollum 1977, 
Esrey et al. 1985, Esrey et al. 1988, Burger and Esrey 1995, Prüss et al. 2002, Plate et al. 
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2004, Prüss-Üstün et al. 2004, Prüss-Üstün and Corvalan 2006, Prüss-Üstün et al. 2008, 
Hunter et al. 2010, Wolf et al. 2014). A recent systematic review and meta-regression by 
Wolf and colleagues report that improvements in drinking-water and sanitation were 
associated with decreased risks of diarrhoea (Wolf et al. 2014). The second most 
important issue for human survival is food intake. Yet, many people, especially children, 
are undernourished throughout the world. Undernutrition, referred to malnutrition 
hereafter, is a health outcome but is also a risk factor for other diseases making it a 
complex (Rowland and McCollum 1977) issue to tackle in combination with the method 
of assessing unsafe WSH. The rationale for selecting these two factors and assessing the 
burden of disease is their close relationship, as well as their importance in public health. 
Additionally, the burden of disease attributable to both these risk factors is largely 
preventable through relatively simple measures (Prüss-Üstün and Corvalan 2007). 
The consequences of infectious diseases, e.g. diarrhoea, malaria or acute respiratory 
infections e.g. pneumonia, contribute to malnutrition which in turn exacerbate the 
infectious as well as other non-infectious disease cycle, representing a considerable 
burden of disease and death in children under five years of age (Rice et al. 2000, Black et 
al. 2003, Caulfield et al. 2004a, Fewtrell et al. 2007, Hunter et al. 2010). 
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Chapter 5 ASSESSING THE BURDEN OF 
DISEASE FROM ENVIRONMENTAL RISK 
FACTORS 
5.1 Introduction 
Over 25% of the burden of disease is associated with environmental risk factors, 
mainly unsafe water, sanitation and hygiene, a large proportion of which can be 
prevented or at least reduced (Prüss-Üstün and Corvalan 2006, Prüss-Üstün and 
Corvalan 2007, Wolf et al. 2014). As stated by Pond et al (2011): “Socio-economic 
development is clearly linked to access to safe drinking-water.” (p.1) (Pond et al. 2011). 
Assessing the burden of malnutrition and the associated impact from unsafe water, 
sanitation and hygiene in combination to orient interventions, has the potential to 
reduce the overall burden of disease and exert a positive impact on the lives of millions 
of children, both now and in the future. 
Over the last few years, WHO has published a series of methods to estimate the 
environmental burden of disease (EBD) at national or local level for a number of 
environmental and occupational risk factors. The series currently comprises 19 
publications, including the introduction and methods guidance (WHO 2013a, WHO 
2013h), providing countries with a step-by-step approach and accompanying excel 
spreadsheets to help them assess their burden of disease at national or at local level. 
The method for estimating the EBD is based on an exposure approach, supported by 
analysis of available information for the specific health outcomes. Exposure-response 
relationships for a specific risk factor are obtained from epidemiological studies if 
available and the derived attributable fractions are then applied to disease burden, 
expressed in deaths or Disability-Adjusted Life Years (DALYs), associated with the risk 
factor (WHO 2013h). DALYs is a common measure used to express the impact on length 
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and the quality of life, namely the number of years lost living with optimum health 
(WHO 2008a). Another measure commonly used is the Quality-Adjusted Life Year (QALY) 
which measures the number of years lived in good health gained (Prüss-Üstün et al. 
2003). Major concerns over the use of such measures emerge from the fact that a single 
universal measure of health could not be validly applied to all settings based on the fact 
that these measures do not capture the longer-term and broader effects from ill-health, 
e.g. mental health states, impacts of non-health effects, or the socio-economic effect on 
an individual’s life and productivity, and effects on close family members (Anand and 
Hanson 1997, Guerrant et al. 2002, Voigt and King 2014). Other major concerns over 
DALYs include the use of age weighting, the use of different life expectancies for men 
and women discounting and the determination of disability weights (Anand and Hanson 
1997, Voigt and King 2014). Nonetheless, DALYs do provide a single measure of 
mortality and morbidity, used internationally for assessing the burden of disease in a 
consistent and comparable manner (WHO 2008a). 
Estimates to assess the burden of disease from malnutrition globally have been 
undertaken (Fishman et al. 2004, Black et al. 2008). Similarly, estimates of the burden of 
disease associated with unsafe WSH have been undertaken (Prüss et al. 2002, Prüss-
Üstün et al. 2004, Fewtrell et al. 2007, Prüss-Üstün et al. 2008, Prüss-Üstun et al. 2014). 
Although the link between unsafe WSH, and malnutrition is acknowledged and reported 
in the literature (Motarjemi et al. 1993, Fewtrell et al. 2007), up until 2008 the 
combination of this link had not yet been estimated by country. Results from the 
application of the combined methods as part of this thesis have been published in a 
WHO report (Prüss-Üstün et al. 2008). The WSH-caused malnutrition burden indicate 
that a considerable number of child deaths could be prevented through improved WSH 
management (Prüss-Üstün et al. 2008). 
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5.2 Estimating the burden of disease of malnutrition  
Malnutrition is reported to be the underlying cause in an estimated 30% of all deaths 
among children under five worldwide (Black et al. 2008, Bhutta and Salam 2012). Effects 
of malnutrition linked to childhood diseases include diarrhoeal diseases, acute 
respiratory infections, perinatal diseases, measles and malaria (Rice et al. 2000, Black et 
al. 2003, Caulfield et al. 2004a). This makes malnutrition one of the most important risk 
factors globally, with several million child deaths associated with it every year, a large 
proportion of it related to diarrhoea, mainly due to unsafe WSH. Malnutrition is defined 
in this context as insufficient amounts of food intake (Fewtrell et al. 2007). Factors such 
as the lack of absorption and the inability to adequately use nutrients can affect the 
body's response to protect itself against a wide range of infections (WHO 2001b). The 
causes of malnutrition are complex and many, most of which relate to poor diet or 
severe and repeated infections (Blössner and de Onis 2005). 
Children are particularly vulnerable and at risk of being malnourished in developing 
countries, where insufficient and unsafe quantities of water and food may be 
unavailable or unaffordable for families living below the poverty line (Fewtrell et al. 
2007). It has been estimated that 178 million children under five are stunted, 55 million 
children are wasted, and 19 million children under five are severely affected by 
nutritional disorders and are at increased risk of premature death – most of these 
vulnerable children live in Sub-Saharan Africa and in South-East Asia (Bhutta et al. 2010, 
Bhutta and Salam 2012). 
Several methods can be used to estimate the burden of malnutrition in children, for 
example by deriving the relative risk (RR) (Pelletier et al. 1994); deriving prevalence 
rates (de Onis et al. 2004a) or both (Caulfield et al. 2004b). The three indices for children 
most commonly used by WHO to monitor trends in child malnutrition are weight-for-
height (z-scores) also referred to as wasting, height-for-age (or stunting), and weight-
for-age (or underweight) (de Onis and Blössner 2003). WHO has developed a Global 
Database on Child Growth and Malnutrition (de Onis et al. 1993, de Onis and Blössner 
2003, WHO 2009c), Global and regional trends and results reported (de Onis et al. 
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2004a, de Onis et al. 2004b) indicate an overall improvement in the global situation with 
respect to nutritional status. However, the situation was expected to deteriorate in sub-
Saharan, Eastern, Middle and Western Africa causing an imbalance and uneven 
distribution in the successful reduction of underweight children under five in the world 
(de Onis et al. 2004b). Indeed, nearly 10 years on, malnutrition was reported to be a 
cause of over three million child deaths annually or 45% of all child deaths in the year 
2011 and had become worse for children under five in south Asia and sub-Saharan 
Africa (Black et al. 2013). Climate change is also likely to have some negative effects. 
Rising temperatures and more frequent droughts and floods can compromise food 
security (Chan 2008). Increases in malnutrition are expected to be especially severe in 
countries where large populations depend on rain-fed subsistence farming. 
Monitoring low height-for-age (stunting) is usually considered to be a more adequate 
measure of malnutrition than low weight-for-height (wasting) as it is suggested that it 
would be more representative of long-term exposure (de Onis et al. 2004b). On the 
other hand, wasting is more representative of recent and severe weight loss associated 
with acute starvation and/or severe disease (de Onis et al. 1993). Nonetheless, to date, 
most of the evidence linking malnutrition to disease is based on weight-for-height 
measures. Fishman et al (2004), therefore, used the measure of malnutrition as weight-
for-age (WA) <- 1 SD (minus 1 standard deviation) for mortality and WA<- 2 SDs (minus 2 
standard deviation) for morbidity/incidence in their assessment of the GBD attributable 
to malnutrition (Fishman et al. 2004). 
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5.3 Estimating the burden of disease from unsafe water, sanitation and 
hygiene 
The direct links between unsafe water and sanitation and diarrhoeal diseases has 
already been discussed (section 3.4.1). However, other indirect links exist which, 
although highlighted, have not been taken into account when estimating the burden of 
disease, such as poor water and sanitation leading to malnutrition in turn increasing 
vulnerability and leading to other, non-gastrointestinal infections.  
Using a comprehensive set of search terms (Annex G), five databases were searched 
for articles linking poor WSH and infectious diseases, malnutrition and children’s health 
published from 1960 until present. A total of 1088 articles were retrieved and the titles 
of these were reviewed to assess their potential relevance to unsafe WSH and their link 
to malnutrition. In this first-round review, 283 articles were selected for further 
investigation.  
Based on the review, it is clear that there is a large body of literature on the different 
issues, i.e. unsafe WSH diarrhoeal diseases or malnutrition individually but not 
necessarily in combination. From the 283 articles, 79 articles were selected based on the 
content of the abstracts. Forty nine articles take into account the complex link between 
unsafe WSH and malnutrition (Table 8). 
 
Table 8: Selected articles linking unsafe WSH and malnutrition 
1960-1979 1980-1999 2000-2009 2010-2012 
1. (Ordway 1960) 
2. (Burton 1976) 
3. (Rowland and 
McCollum 1977)   
4. (Tomkins et al. 1978) 
5. (Henry 1981) 
6. (Misra 1981) 
7. (Tomkins 1981) 
8. (Esrey et al. 1985) 
9. (Lindskog et al. 1987) 
10. (Cousens et al. 1989) 
11. (Hasan et al. 1989) 
12. (Abdelwahab and 
26. (van der Hoek et al. 
2002) 
27. (Gasana et al. 2002) 
28. (Mara 2003) 
29. (Rona et al. 2003) 
30. (Merchant et al. 2003) 
31. (Dillingham and 
Guerrant 2004) 
43. (Silveira et al. 2010) 
44. (Musaiger et al. 2011) 
45. (Masibo and Makoka 
2012) 
46. (Fenn et al. 2012) 
47. (Guerrant et al. 2013) 
48. (Ahmed et al. 2012) 
49. (Arnold et al. 2013) 
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Wallace 1990) 
13. (Cousens et al. 1990) 
14. (Huttly 1990) 
15. (Huttly et al. 1990) 
16. (Daniels et al. 1991) 
17. (Misch 1991) 
18. (Esrey et al. 1991) 
19. (Esrey et al. 1992) 
20. (Vella et al. 1992) 
21. (Reinert 1993) 
22. (Islam et al. 1994) 
23. (Martines et al. 1994) 
24. (Burger and Esrey 
1995) 
25. (Esrey 1996) 
32. (Checkley et al. 2004) 
33. (Fishman et al. 2004) 
34. (Gakidou et al. 2007) 
35. (Marino 2007) 
36. (Alasfoor et al. 2007) 
37. (Colombatti et al. 
2008) 
38. (El Taguri et al. 2009) 
39. (Humphrey 2009) 
40. (Muoki et al. 2008) 
41. (Semba et al. 2009) 
42. (Yang et al. 2009) 
 
 
 
None of these papers actually provided an estimation of the burden of disease 
related to these risk factors and health outcome by country. The only reference that 
provides an estimation of the burden of disease was Checkley et al 2004, although these 
estimates were derived regionally. Based on the literature review and from discussions 
with international experts and colleagues at WHO (Prüss-Üstun, Pers. Com., 2006), it 
became clear that the burden of disease related to poor WSH and its associated 
malnutrition burden has not yet been estimated by country (Checkley et al. 2004). 
Therefore, as part of the current research, work was undertaken to do this. This work 
has resulted in a number of publications which have contributed to WHO’s programme 
on WSH and its programme on the EBD (Fewtrell et al. 2007, Prüss-Üstün et al. 2008). 
Figure 16 provides a framework of the main links operating between poor WSH and 
malnutrition developed as part of this research study.  
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Figure 16: Links between poor WSH, infectious diseases and malnutrition 
Work was undertaken in 2007 to estimate the indirect links mentioned above (Prüss-
Üstün et al. 2008). The results of the study suggest that, overall, 9.1% of the GBD could 
be prevented by improving water supply, sanitation, hygiene and management of water 
resources. This report included, for example, risk factors such as drowning and others 
diseases, such as malaria, a proportion of which can be prevented by environmental and 
behavioural interventions. More recently, the burdens of disease from inadequate WSH 
in low- and middle-income settings were published (Prüss-Üstun et al. 2014). The most 
recent figures estimate that 824’000 deaths from diarrhoea are caused by inadequate 
WSH, amounting to 1.5% of the total disease burden and 58% of diarrhoeal diseases 
(Prüss-Üstun et al. 2014), a 30% reduction from what has been previously estimated and 
reported in recent years (Prüss-Üstün et al. 2008).  
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5.4 Case study 4: Assessing the environmental burden of disease from 
unsafe water, sanitation and hygiene combined with malnutrition in 
192 countries 
5.4.1 Introduction 
The following two case studies (4 & 5) attempt to estimate the disease burden 
caused directly and indirectly by malnutrition affecting children under five years of age 
as a result of unsafe WSH for each of the 192 WHO Member States. The estimation 
approach uses WHO estimates for the year 2002 (Case study 2) as a data source. It aims 
to assess how feasible the application is from a country user perspective. Case study 3 
aims to estimate the burden of disease related to these two risk factors in children 
under five years of age in refugee camps, using data from a different source, i.e. from 
the United Nations High Commissioner for Refugees (UNHCR) Health Information 
System data collected in three African countries, namely Ethiopia, Kenya and Tanzania. 
Both case studies aim to highlight the difficulties in applying such methods from a 
country user perspective with sparse data and weak capacity. 
As part of a previous WHO assessment for estimating the impact of 25 risk factors in 
a standardized format (WHO 2002, Ezzati et al. 2004), the impact from unsafe WSH 
were evaluated (Prüss et al. 2002, Prüss-Üstün et al. 2004) as well as the impact of 
childhood and maternal underweight (Fishman et al. 2004) separately. The following 
application of the methodology to estimate of the contribution of unsafe WSH-caused 
by the malnutrition disease burden for the 192 WHO Member States was based on a 
combination of methods. This provides a step-by-step approach towards estimating the 
disease burden both at national and local levels for malnutrition (Blössner and de Onis 
2005), and WSH (Fewtrell et al. 2007). 
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5.4.2 Methods 
A workbook template was obtained from the Environmental Burden of Disease Unit 
in the Public Health and Environment Department, World Health Organization relating 
to the burden of disease from malnutrition. The workbook, which can be requested 
online, consisted of five worksheets entitled:  
i) Exposure;  
ii) Mortality;  
iii) Morbidity;  
iv) Relative Risks;  
v) PAFs and;  
vi) Burden.  
To help the user, the worksheet included an example for Nepal. 
Data for all causes of deaths and morbidity for children under five for the year 2002 
(DALY) data was obtained from the statistical department at WHO (Evidence 
Information and Policy). Prevalence data of malnutrition for children under five was 
obtained from the WHO Global Database on Child Growth and Malnutrition (de Onis et 
al 1993, de Onis and Blössner 2003, WHO 1986; WHO 2009b).  The Global Database is a 
standardized compilation of child growth and malnutrition data from nutritional surveys 
conducted around the world since 1960, for which the WHO Child Growth Standards 
(launched on April 2006) are used. The database contains child anthropometric 
information derived from 846 surveys, including 412 national surveys from 138 
countries and 434 sub-national surveys from 155 countries, the database covers 99% 
and 64% of the under five year olds in developing and developed countries respectively 
(de Onis and Blössner 2003, de Onis et al. 2004b). New surveys are included on a 
continuous basis and updates are published bimonthly on the website (WHO 2009c). 
Mortality and morbidity attributable to malnutrition associated with the principal 
causes of child death (i.e. diarrhoea, acute respiratory infections, malaria and other 
infectious diseases (excluding HIV) and protein-energy malnutrition (PEM) which 
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develops in adults and children whose consumption of protein and energy is insufficient 
to satisfy the body’s nutritional needs, was measured using the workbook that was 
provided to help the user assess the burden of disease.  
The first step of the estimations included assessing the exposure in the study 
population (males and females under five years of age) in terms of i) the percentage of 
children younger than five years of age who have low weight-for-age compared to the 
median of the National Center for Health Statistics (NCHS)/WHO international growth 
reference, ii) the percentage of low birth weight (LBW) newborns and iii) the mean and 
SD of the body mass index (BMI) for women 15−44 years old. This information was 
obtained from the WHO malnutrition database (WHO 2009c) and from the Demographic 
and Health Surveys DHS through STATcompiler (MEASURE 2007, WHO 2007) (Annex H). 
The next step included the derivation of the percentages of children who are severely, 
moderately and mildly malnourished based on exposure estimates obtained from the 
WHO Child Growth and Malnutrition database incorporated in the spreadsheet provided 
(Annex J) (WHO 2009c). The attributable fractions for child mortality were then derived 
in terms of mortality and morbidity from cause specific relatives risks (Annex I) by 
applying the formula (Blössner and de Onis 2005): 
AF= P (RR-1)/P (RR-1) + 1 
AF= attributable fraction 
RR=relative risk 
P=proportion of children exposed to malnutrition severity level 
In order to derive the total mortality burden due to malnutrition, the AF was 
multiplied by the total cause-specific mortality rate (Annex I). The morbidity burden was 
obtained with a similar approach, by multiplying the attributable fractions with the total 
cause-specific morbidity incidence. Direct estimates for mortality and morbidity due to 
protein-energy malnutrition (PEM) were added, obtained from the Evidence, 
Information and Policy (EIP) Cluster at WHO. 
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Figure 17 provides a simplified sketch of the different steps outlined above. A more 
comprehensive diagram is included in Annex K.  
 
 
Figure 17: Simplified sketch showing the different step for estimating deaths and DALYs 
attributable to malnutrition for each country 
The next step established the proportion of poor WSH associated with the burden 
attributable to malnutrition. Using the study by Prüss-Üstün and Corvalan which states 
that approximately 50% of the disease burden from malnutrition is estimated to be 
attributable to unsafe WSH related risks (Prüss-Üstün and Corvalan 2006; Prüss-Üstün 
and Corvalan 2007), the results obtained for the EBD on malnutrition were halved to 
quantify the actual WSH contribution, excluding the diseases directly caused by WSH to 
avoid double-counting, but including indirect infectious diseases (beside HIV) (Prüss-
Üstün and Corvalan 2006; Fewtrell et al. 2007; Prüss-Ustün and Corvalan 2007).  
In order to account for climate change, which has been estimated to be responsible 
for an average 2% of the burden of malnutrition (WHO 2002), a modified figure was 
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applied to specific estimates to take regional circumstances into account (Fewtrell et al. 
2007). The attributable fraction (AF from climate change varied from 0% to 5% 
depending on the country and was applied accordingly (e.g. Argentina 0%, Cameroon 
1%, Egypt 2% and Bangladesh 5%). This was based on information from the comparative 
risk assessment (CRA) study (WHO 2004) and its statistical annex related to Global 
Climate Change and PEM (Annex L). 
5.4.3 Results 
Results of the environmental burden of disease assessment from malnutrition 
indicate that worldwide 70 000 deaths and seven million DALYs per year are caused 
directly by protein-energy malnutrition (PEM) and could be avoided through improved 
WSH. Results by country are included in Annex P. The indirect effect from infectious 
diseases on the burden of disease is an order of magnitude higher than the direct effects 
of malnutrition, indicating that 697'608 deaths and nearly 24 million DALYs are 
associated with WSH-caused malnutrition worldwide (Annex M & N).  
The results show from a regional perspective that the burden of disease for WSH-
caused malnutrition are unevenly distributed geographically (Figures 18 & 19). The 
results for countries in South-East Asia indicate that countries with high child and high 
adult mortality rates (SearD) bear more than one third of the WSH-caused malnutrition 
and include countries such as Bangladesh, Bhutan, Democratic People’s Republic of 
Korea, India, Maldives, Myanmar, Nepal, Pakistan and Timor-Leste. In the African sub-
regions, one quarter of the BOD is borne by countries with high child and high adult 
mortality rates, and one fifth by African countries with high child and very high adult 
mortality (Annex O) (WHO 2002). In the African region, Eritrea (11%), Burkina Faso, 
Chad, Madagascar and Togo (10%), as well as Ethiopia, Mauritania, Niger and Nigeria 
(9%) are among the countries that bear the biggest burden. On the other hand, the WSH 
associated malnutrition deaths and DALYs in South Africa and Botswana (1%), and 
Lesotho, Namibia and Swaziland (2%) are low (Annex P). 
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Figure 18: Results for the geographical distribution of malnutrition child deaths 
attributable to unsafe water, sanitation and hygiene 
 
 
Figure 19: Result for the geographical distribution of malnutrition child DALYs 
attributable to unsafe water, sanitation and hygiene 
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5.5 Case study 5: Assessing the burden of disease from unsafe WASH in 
refugee settings in Ethiopia, Kenya and Tanzania using a different 
data source 
5.5.1 Introduction 
The following section attempts to apply once again the environmental burden of 
disease methodology (EBD) for unsafe WSH combined with the EBD methodology on 
malnutrition described above to estimate the burden of disease related to these two 
risk factors in children under five years of age in refugee camps. In this section, 
however, the sources of data used are from the United Nations High Commissioner for 
Refugees (UNHCR) Health Information System data collected in three African countries, 
namely Ethiopia, Kenya and Tanzania. 
5.5.2 Methods 
The methodology is outlined in section 3.3.5.2 and the same steps were followed for 
Ethiopia, Kenya and Tanzania (Annex Q). The resulting spreadsheets from the previous 
section were used to extract data for the three countries using the prepared templates 
in order to apply available data from the UNHCR HIS database for the year 2007 (Annex 
Q). Summary reports for the year 2007 for Ethiopia, Kenya and Tanzania, where 
functioning UNHCR Health Information Systems were available, were obtained directly 
from UNHCR. The information contained within the summary reports were generated 
directly from the UNHCR HIS database, based on routine monthly reported health data 
on: i) Population, ii) Mortality, iii) Morbidity, iv) In-patient department and referral, v) 
Laboratory, vi) Disease control, vii) Vaccination rates (EPI) and Vitamin A and viii) 
Nutrition and ix) Reproductive health and x) HIV (Annex Q). 
The first step was to extract from the summary reports the population information 
and the total number of deaths in children under five for each country. The percentage 
of low-birth weight (LBW) and maternal underweight was unavailable from the 
summary reports, therefore, the percentages previously used were applied, originally 
obtained from the WHO database and through STATcompiler (MEASURE 2007, WHO 
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2009c) The population attributable fractions (PAFs) derived from the assessed exposure 
and from the relative risk estimates of disease and death associated with malnutrition 
were provided in the method for assessing malnutrition (Blössner and de Onis 2005). 
The relative risks estimates used for diarrhoea, acute respiratory infections, malaria, 
measles and other infectious diseases were based on an analysis undertaken as part of a 
comparative risk assessment (Fishman et al. 2004, Blössner and de Onis 2005). Mortality 
linked to malnutrition was estimated by multiplying the attributable fractions by the 
total cause-specific mortality rate for diarrhoea, malaria, measles, lower respiratory 
infections, other infectious diseases, excluding HIV/AIDS (Cronin et al. 2009). As was the 
case for the previous case study (Case study 4), results were halved to obtain estimates 
for the water and sanitation-related malnutrition burden, taking into account that it has 
been estimated that 50% of the burden of disease from malnutrition can be attributed 
to unsafe WSH (Prüss-Üstün and Corvalan 2006, Fewtrell et al. 2007, Prüss-Ustün and 
Corvalan 2007). Data for diarrhoea, malaria, measles, lower respiratory infections, 
protein-energy malnutrition (PEM), neonatal deaths, tuberculosis and meningitis, were 
available from the UNHCR summary country reports. An ‘other’ category in the 
summary reports was halved, assuming that half of the burden recorded in this 
category, would be considered of communicable origin. No data from the UNHCR 
reports were available for hepatitis B or C, trypanosomiasis, chagas disease, 
schistosomiasis, leishmaniasis, lymphatic filariasis, onchocerciasis, leprosy, dengue 
fever, Japanese encephalitis, intestinal nematode infections or other intestinal 
infections, otitis and upper respiratory infections. Therefore, WHO estimates for the 
year 2002 were used for these health outcomes. 
5.5.3 Results 
The results indicate that in refugee camps of seven African countries, containing just 
fewer than 1 million people in 2005, there were 132,000 cases of diarrhoea and over 
280,000 reported cases of malaria attributable to incomplete water and sanitation 
provision. In the period from 2005 to 2007 1,400 deaths were estimated to be directly 
attributable to incomplete water and sanitation alone in refugee camps in Ethiopia, 
Kenya and Tanzania, results that have been published as part of a co-authored article 
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(Cronin et al. 2009). Results for the number and proportion of deaths attributable to 
malnutrition and malnutrition deaths attributable to unsafe WSH for the year 2007 are 
reported in Table 9. These results were compared to those obtained when using WHO 
estimates (Table 10). 
Table 9: Number and proportion of deaths attributable to malnutrition and the 
number and proportion of malnutrition deaths attributable to unsafe water, sanitation 
and hygiene for the year 2007 in Ethiopia, Kenya and Tanzania (Data source: UNHCR HIS 
summary reports) 
 
 
Table 10: Number and proportion of deaths attributable to malnutrition and the 
number and proportion of malnutrition deaths attributable to unsafe water, sanitation 
and hygiene for the year 2002 in Ethiopia, Kenya and Tanzania (Data source: WHO 
estimates for the year 2002) 
 
The results relating to the number of deaths in children under five in refugee settings 
in Ethiopia, Kenya and Tanzania (Table 10) clearly highlight that a considerable 
proportion of overall deaths are directly attributed to malnutrition, 37%, 36% and 21% 
in Ethiopia, Kenya and Tanzania respectively. The results also indicate that 7%, 4% and 
5% of deaths in refugee settings in Ethiopia, Kenya and Tanzania are linked to unsafe 
WSH. 
Ethiopia 2007 Kenya 2007 Tanzania 2007
Total deaths malnutrition 13 75 86
% of deaths malnutrition 36.8% 35.5% 21.3%
Total deaths WSH indirect malnutrition 2 8 19
% of deaths WSH indirect malnutrition 7.1% 4.0% 4.7%
Ehtiopia Kenya Tanzania
Total deaths malnutrition 205091 33335 70339
% of deaths malnutrition 41.0% 27.0% 33.1%
Total deaths WSH indirect malnutrition 43014 5467 10358
% of deaths WSH indirect malnutrition 8.6% 4.4% 4.9%
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Overall, when comparing these results to those obtained when applying the 
methodology using WHO estimates (Table 10), the situation is very similar, although 
slightly lower for the application using the UNHCR data, except in Kenya where the 
proportional deaths attributable to malnutrition are higher - 36% for refugee settings 
versus 27% nationally using WHO estimates. In Ethiopia and Tanzania, the results for 
deaths related to malnutrition are higher at national level than in refugee settings. The 
attributable malnutrition deaths linked to unsafe WSH are very close at both national 
level and in refugee settings.  
5.5.4  Discussion: case study 5 
The fact that results for Ethiopia, Kenya and Tanzania for the proportional 
attributable deaths for WSH indirect malnutrition are similar between the use of UNHCR 
data and WHO estimate information is most likely due to the fact that only limited data 
was available from the UNHCR HIS summary reports and could be applied to the 
methodology. The elevated proportional malnutrition deaths (36%) that emerge for 
Kenya (Table 9) are supported by press releases and briefings in the media for that year. 
A briefing note by UNHCR, dated 3 July 2007, states that malnutrition levels in refugee 
camps are high and that UNHCR, the World Food Programme (WFP) and UNICEF warn 
that these levels have reached alarming levels, appealing for increased donor fund to 
reverse the situation (IRIN 2007, REUTERS 2007, UNHCR 2007). Reasons evoked for 
these levels in Kenya in 2007 include a large influx of refugees from neighbouring 
Somalia that has been experiencing civil unrest since 2006, as well as the refugee camps 
being in harsh, semi-arid environments, combined with decreased donor assistance and 
some camps being cut-off due to floods (IRIN 2007, UNHCR 2007). 
Estimating mortality in refugee settings is challenging from several points of view. 
First, populations are often not reported correctly due to fear of loss of rations for a 
family (Spiegel et al. 2001, Spiegel et al. 2002) or to obtain more rations or camp 
services by reporting a higher number of children than a family actually has. Second, 
cases may also be over-reported as a result of locals coming to the camps for medical 
treatment. These individuals are not registered in the camp (Cronin et al. 2009). 
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Despite the many limitations to this study, and the fact that only limited data is 
available to apply the methodology, these results still highlight the estimated burden of 
disease connected to unsafe WSH provision in refugee settings which in turn can help 
assist resource managers to identify camps requiring specific interventions. It is likely 
the results obtained as part of the UNHCR work provide a “cruder” picture than work 
done globally. This is mainly due to the many limitations of the UNHCR data and the 
assumptions, made conservatively, as a result of the lack of required data for the 
methodology. The UNHCR HIS reflect data for those in the camp who actually went 
seeking for medical assistance in the camps and does not capture those who suffered in 
silence (Cronin et al. 2009) It is therefore assumed that these results provide an 
underestimate of the real burden affecting children in refugee camps. 
5.6 Discussion 
The application of a method to estimate the attributable environmental burden of 
disease from unsafe WSH, combining it with the burden from malnutrition, is complex 
from several points of view. When viewed from a country user perspective, many 
limitations arise. 
The results to date support the fact that a large burden of disease is caused by 
unsafe water, inadequate sanitation and insufficient hygiene. Whether it is established 
that this represents an underestimate or overestimate, this definitely represents a large 
proportion of the burden of disease. These results suggest that through adequate WSH 
interventions at the household and community level, a significant burden of disease 
could be prevented. Such interventions would help contribute to a reduction (up to a 
fifth) of the estimated 3.4 million children under the age of five dying each year as result 
of malnutrition or to the reduction of nearly half of the estimated 1.8 million direct 
WSH-related deaths, therefore, contributing towards the achievement of the 
Millennium Development Goals (MDGs). 
This work has demonstrated that if the extensive corrected and weighted data 
required to apply the methodology is available (as is the case in WHO’s Health, 
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Information and Statistics Department), it is possible to provide an estimate (i.e. an 
overall picture) of the burden of disease which is closer to the true picture than was 
estimated regionally by Fishman et al (2004) as the current work provides estimates by 
country for all 192 WHO Member States for the first time. However, many surveillance 
and monitoring systems or even country health systems may not be able to provide the 
required data to undertake the analysis adequately. Indeed, some countries do not 
provide vital registration data to WHO, and as discussed in chapter 2, estimates, 
therefore, are derived from household surveys, national censuses and modeled from 
past data. The work undertaken in the second phase confirmed challenges that arise 
when using different sources of data. Despite the many limitations in the second phase 
of the work, these results still highlight the estimated BOD connected to incomplete 
water and sanitation provision in refugee settings which in turn can help assist resource 
managers to identify camps requiring specific interventions. It is likely the results 
obtained as part of the UNHCR work provide a “cruder” picture than work done during 
the first phase. This is mainly due to the many limitations of the UNHCR data, made 
conservatively, as a result of the lack of required data by the methodology.  It is 
therefore assumed that these results provide an underestimate of the real burden 
affecting children in refugee camps.  
In view of the fact that it has been estimated that overall 50% (39-61%) of the health 
burden of malnutrition can be attributed to environmental factors, and in particular to 
poor WSH (Prüss-Üstün and Corvalan 2006, Prüss-Ustün and Corvalan 2007), the current 
results indicate that interventions to improve WSH could have an important impact in 
reducing malnutrition and its associated burden worldwide in children under five years 
of age. This could, furthermore improve the overall BOD in the whole population, as 
10% of deaths worldwide have been estimated to be preventable through improved 
WSH and water resource management (Prüss-Üstün et al. 2008).  
No exposure data was found in the scientific literature of populations living in 
refugee camps. On the one hand, some experts (Prüss-Üstun, Pers. Com. 2007) claim 
that populations living in refugee camps are unstable and it is extremely difficult to 
assess their exposure as these camps may be temporary establishments with high rates 
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of population movements. As it is very difficult to collect any individual data on the past 
and within the refugee population it is likely to vary extensively across the population. 
On the other hand, there are a number of refugee camps that have been established for 
several years and it is likely that exposure data can be extrapolated from the national 
averages (Cronin, Pers. Com.). Despite these difficulties, the estimates were undertaken. 
It was kept in mind that in view of that fact that refugees usually live in far worse 
conditions than the national average, and that many data were lacking (therefore data 
were either derived from national or regional estimates, or were not taken into account 
at all) the final estimates are likely to be conservative. 
In case study 4, the approach accounts for diseases for which there was a ‘global 
envelope’ figure from WHO itself, where WSH-related causality is very highly credible 
and where the evidence base  is judged adequately to support estimates. However, 
these estimates do not include other health outcomes for which evidence for both 
causality and the impact of WSH interventions is highly credible (e.g. crippling skeletal 
fluorosis or arsenicosis) or others, such as infections such as legionellosis, leptospirosis, 
conjunctivitis, pneumonia or influenza/respiratory infections for which evidence 
suggests a significant role for hygiene in prevention (Bartram, Pers. Com. 2009). 
Furthermore, health outcomes for which evidence is less credible are not included, 
making the estimates conservative and most likely an underestimate. 
Overall, this work highlights three issues of major concern. Firstly, too many children 
are still dying from malnutrition in the world today and that many more are suffering 
from its consequences. Secondly, efforts are still inadequate to reduce this largely 
preventable burden. Given their direct impact on diarrhoeal and other infectious 
diseases, adequate water supply, appropriate sanitation facilities and improved hygiene 
practices can make an important contribution to preventing severe health outcomes 
associated with malnutrition, especially in underprivileged populations in Africa and 
South-East Asia.  
Finally, when undertaking a burden of disease study, availability and access to good 
quality data is a pre-requisite, but these may not necessarily be accessible or even 
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available. Furthermore, the application of adequate methodology to analyze the data is 
needed to provide an overall, accurate, if possible, picture of the state of the health of 
populations around the world and should be practical to undertake. 
5.7 Conclusion 
Every year, millions of children worldwide die and suffer from disease. It has been 
estimated that over three million deaths of children under five years of age have been 
attributed to environmental factors and conditions (WHO 2005) as a result of exposure 
to unsafe drinking-water and poor sanitation, indoor and outdoor air pollution, insect-
borne disease or unintentional physical injuries (WHO 2002). Effects of ill-health are in 
turn exacerbated by adverse socioeconomic conditions, especially poverty and 
malnutrition. 
If the lives of millions of children are to be improved and saved, effective action can 
only be taken with reliable data and credible estimates. For this, a sound and readily 
usable methodology is necessary, and data needs to be available. In most countries, 
however, data is often not available, or if it is, it is fragmented, of very poor quality, 
combined with weak capacity, making the applicability of any method difficult and most 
of all, making the results non-credible. 
If we are to meet the MDG targets of halving the proportion of people without 
sustainable access to safe drinking-water and basic sanitation, halve the proportion of 
people who suffer from hunger and reduce by two-thirds the under-five mortality rate 
by 2015, rapid and concerted efforts need to be scaled up despite the many remaining 
challenges. In order to reduce increased risk of children dying specifically from 
diarrhoeal diseases, but also from other infectious diseases (e.g. respiratory diseases), 
there is an urgent need to tackle water and sanitation issues in combination with 
malnutrition and associated health outcomes which are closely linked to socio-economic 
development (Pond et al. 2011).   
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Chapter 6 OPERATIONALIZING A DATA 
INFORMATION SYSTEM 
 
6.1 Introduction 
Chapter 4 discussed the work regarding the development of estimates for the burden 
of disease and various studies and projects that have been led by international 
organizations and other academic institutions at global level. There currently remains a 
lack of understanding of global estimates and methods used to derive them as well as 
the application of burden of disease methods at country level. In order to attempt to fill 
this gap, this next chapter proposes an interim solution to provide users at country level 
with a better understanding of estimates through the development of an interface to 
facilitate the use of a series of spreadsheets designed to help assess the national burden 
of disease. This interface provides users with a single access point to a series of 
spreadsheets, referred to as the NBD toolkit hereafter. The NBD toolkit contains a 
country’s burden of disease estimate. The added value of this newly developed interface 
and the content of the toolkit is, first of all, its user-friendliness, and the fact that it 
provides users with a systematic approach to collect data as the spreadsheets offer the 
opportunity to input country-specific data into the tool. Providing a user-friendly and 
straightforward tool helps not only to raise awareness of the data required to assess the 
national burden of disease in a systematic manner, but facilitates the bridging of data 
gaps while ensuring transparency concerning the calculations automated directly in the 
tool based on GBD standardized methods. 
Overall, the numbers of deaths and causes-of-death statistics remain a reliable 
source of information to analyse the health of nations and derive policies and 
programmes to combat diseases and causes of injuries (Akgün et al. 2007, WHO 2010c). 
As discussed in previous chapters, such statistics are not always available; therefore, 
there is a need to rely on estimates derived from statistical modelling to obtain this 
information. The NBD toolkit provides a comprehensive framework for countries to 
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input their own information, or to collect the data if unavailable. Yet, the series of 
individual spreadsheets available have not been used as support towards assessing the 
burden of disease at national or sub-national level due to the fact that these were not 
linked and packaged as a user-friendly toolkit, coupled with the fact that no guidance 
was available on how to use the spreadsheets. As a result, the spreadsheets were never 
widely disseminated.  
The overall aim of the interface developed to support the use of the series of 
spreadsheets is to provide a user-friendly and easy access tool to facilitate burden of 
disease assessments. The interface helps to link and highlight within the spreadsheets 
what data is missing on the country’s side, while enabling the use of country WHO prior 
estimates where gaps at national still exist as an interim measure. The next step in the 
long-term for a country is to work towards filling the gaps in data and filling the health 
evidence base. Ultimately, it will be possible to assess the national burden of disease at 
national level relying entirely on country sets rather than estimates produced at global 
level. 
6.2 Developing an operational interface for the National Burden of 
Disease (NBD) toolkit 
Having clarified the health impacts of data deficiency, the study contributes a tool for 
data gathering and analysis that has been applied, tested, and refined during work in the 
multi-country workshops. A prototype National Burden of Disease (NBD) Toolkit had 
earlier been developed by WHO but had operational weaknesses and hence poor uptake 
by countries. Moving from problem analysis to problem solving, this study has devised a 
method of linking the various spreadsheets comprising the NBD, creating a logical, 
simplified, and systematic interface between its elements and thereby making it easier 
and more appealing to the user. The tool, with its user-friendly interface, can thus now 
become a suitable support to national-level burden of disease estimation work, and 
contribute to creating further awareness of the value of timely data and their role in 
health development. 
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A series of spreadsheets to assess the burden of disease at national level have been 
available for a number of years from WHO, but only made available to selected research 
groups for experimental use. These spreadsheets were never shared or widely 
disseminated, nor made publically available despite some powerful features. As outlined 
in the introduction, there are several reasons for this. Firstly, lack of financial resources 
and staff resources in terms of having someone being able to provide the required 
spreadsheets on an ad-hoc basis and provide follow-up technical assistance. Regular 
requests were received from specific academic research groups which focused on the 
description of the various steps and explanations that were required for the user to be 
able to open and use the spreadsheets adequately. Secondly, and having direct 
consequences on the first reason, the toolkit was not user-friendly and prone to 
numerous computational errors resulting in much assistance being needed. 
Consequently, the need for more resources to provide the assistance and support in 
making the spreadsheets and their functionalities work contributed to them being 
shelved. The spreadsheets essentially lacked a single entry point, and an automated 
interface providing a framework that linked the various spreadsheets in a 
straightforward and user-friendly manner.  
It became clear that there was an opportunity to make use of the unused 
spreadsheets as part of this research project to help solve some of the issues highlighted 
in chapters 2 and 3 and that further work was needed to compile the spreadsheets into 
a user-friendly tool which could then be shared more widely and tested as part of 
country capacity-building analytical workshops. The NBD toolkit was therefore 
developed. 
The development of the tool originally included the following objectives: 
a) Provide a tool to assist countries to carry out health situation analysis; 
b) Share an estimation tool which can be modified in country settings; 
c) Provide “prior” estimates for exposures, incidence, prevalence, mortality based on 
WHO analysis of available regional and country data; 
d) Enhance country capacity through mutual interactions and networking; 
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e) Provide a starting point for country analyses for specific causes. 
The key point of the development of a user-friendly interface is the fact that the 
toolkit provides the user with the framework with prior estimates which they can 
replace with their own data as a starting point for more in-depth analyses by national 
study teams. This helps highlight what is needed in terms of data gaps, while facilitating 
the complex calculations that are needed to input mortality, morbidity and injuries. 
National studies will lead in turn to improvements in the GBD estimates at national, 
regional and global level, i.e. improve the national empirical data while building capacity 
at country level. 
6.3 NBD toolkit content and structure 
6.3.1 Spreadsheet contents 
The NBD toolkit contains a set of spreadsheet templates for carrying out life 
expectancy, causes of death, Years Lost due to Disability (YLD), Years of Life Lost (YLL), 
Disability-Adjusted Life Year (DALY) and Comparative Risk Assessment (CRA) calculations 
for the year 2004 in view of providing country-level estimates for the burden of disease. 
These estimates are based on the global burden disease, the GBD 2004 update as 
published in October 2008 ((WHO 2008a). The templates contain WHO ‘prior’ estimates 
of mortality and burden of disease for WHO Member States for the year 2004.  
The NBD Toolkit comprises the following: 
i. DALY summary file containing WHO estimates of deaths, years of life lost due 
to premature mortality (YLL), years lost due to disability (YLD) and DALYs by 
age, sex and cause for a given Member State and its region, with the option of 
incorporating locally-derived estimates and comparing these with WHO 
figures. 
ii. Cause-specific YLD template containing WHO estimates of mortality, 
incidence, prevalence, duration and severity for any given cause for a given 
Member State and its region, with the option of incorporating locally-derived 
estimates and comparing these with WHO figures. Locally-derived YLD 
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calculated using this template can easily be inserted into the above DALY 
summary file. 
iii. Life Expectancy and Healthy Life Expectancy (HALE) template containing WHO 
estimates of life expectancy and Health Adjusted Life Expectancy for a given 
Member State and its region, with the option of incorporating locally- derived 
estimates and comparing these with WHO figures. Locally-derived potential 
years lost due to disability (PYLD) calculated using the YLD template can easily 
be inserted into this workbook. 
iv. Comparative Risk Assessment (CRA) template containing WHO estimates of 
attributable mortality and burden from 24 selected risk factors for a given 
Member State and its region, with the option of incorporating locally derived 
estimates and comparing these with WHO figures. 
v. Presentation template for generating graphs and tables on key aspects of the 
above. 
6.3.2  Data sources  
Mortality estimates are based on analysis of latest available national information on 
levels of mortality and cause distributions. YLD estimates are based on the WHO “GBD 
2004” estimates and analyses of incidence, prevalence, duration and severity of 
conditions for the relevant epidemiological sub-region, together with national and sub-
national level information available to WHO at the end of 2007 (WHO 2008a). A full 
description of the data sources and underlying dataset for the GBD 2004 is available in 
the published literature (WHO 2008a). The GBD 2004 uses the population estimates for 
WHO Member States for 2004 prepared by the UN Population Division in its 2006 
revision (UN 2007). This division publishes on a regular basis global demographic 
estimates and projections of the world’s population. It is currently in its 22nd round of 
estimates with the 10th revision released in December 2012 (UN 2012).  
6.3.3  Data inputs 
Information about demographics and total mortality (the overall death ‘envelope’) 
are a pre-requisite to start using the spreadsheets from the DALY to the YLD and CRA 
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spreadsheets. The UN Population estimates are pre-entered into the toolkit, but can be 
modified by the user. The necessary information needed includes: 
1. Population by age, sex and country for the reference year to be included in ‘Setup’ 
tab in the DALY workbook; and 
2. Total mortality by age, sex and country for the reference year to be inputted into 
the ‘Mortality inputs’ tab. 
The age groups for population and mortality information required include: 0, 1-4, 5-9, 
10-14, 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-
74, 75-79, 80-84, and 85+. 
The diseases and injuries considered as part of the GBD 2004 and included in the 
National Burden of Disease spreadsheets add up to 160 causes of mortality, morbidity 
and injuries. They are outlined in detail in Annex S. The categories are divided into three 
major groups: 
I. Communicable, maternal, perinatal and nutritional conditions (1-58) 
II. Noncommunicable diseases (59-147) 
III. Injuries (148 – 160) 
Each group is subdivided into sub-groups. Group I comprises infectious and parasitic 
diseases, respiratory infections, maternal conditions, perinatal conditions and 
nutritional deficiencies. Group II includes malignant neoplasms, other neoplasms, 
diabetes mellitus, endocrine disorders, neuropsychiatric conditions, sense organ 
diseases, cardiovascular diseases, respiratory diseases, digestive diseases, genitourinary 
diseases, skin diseases, musculoskeletal diseases, congenital anomalies and oral 
conditions. Group III include both unintentional injuries and intentional injuries (WHO 
2008a). 
For each country for which the NBD toolkit is available (192), prior estimates of 
population, life expectancy, mortality, YLDs, incidence, prevalence and duration are 
entered as default providing the user with a complete database of the national burden 
of disease. Depending on the user level chosen, development of which is described in 
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the following section, the user can modify the input data based on what data is available 
at country level. 
6.3.4 Approach to developing an interface to fit the contents into a 
framework 
In an attempt to assist countries and provide them with a user-friendly tool for 
assessing the burden of disease, an interface was developed to be used as the single 
entry point of the NBD toolkit. 
In order to understand how the various spreadsheets could be linked, a framework 
was developed in the initial stage of the interface development (Figure 20). 
 
Figure 20: Diagrammatic framework of the contents of the NBD toolkit 
The overall aim of the interface development was to improve the user-friendliness of 
the spreadsheets and to turn these spreadsheets into a comprehensive toolkit, thus 
providing a suitable framework directed at different level users and for various uses 
(Figure 21).  
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Figure 21: The NBD toolkit interface providing users with drop-down menus  
Automating the tool in such a way aimed to reduce the manual burden of having to 
support users in utilizing the tool and provide it to wider, not necessarily expert, users. 
In order to make the tool more user-friendly, the goal was to create a single entry-point 
with drop-down menus to enable easy generation of the information required (Figure 
22).  The information that can be generated includes for example a DALY summary file 
containing WHO estimates of deaths, YLL, YLD and DALYs by age, sex and cause, or a 
cause-specific YLD template with WHO estimates of mortality, incidence, prevalence, 
duration and severity. The interface is to allow easy access to options in order to choose 
a particular health outcome or risk factor (e.g. unsafe WSH) in a drop down menu within 
a spreadsheet, and obtaining summary information for that particular health outcome 
or risk factor. 
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Figure 22: Generation of template files 
Application for different uses and users 
Taking into account that there are different levels of users and different capacity at 
country level, four distinct levels of users for the tool were developed:  
• QUICK START – Summarizes WHO disease estimates for the year 2004 by age, sex 
and cause; 
• BASIC ANALYSIS – Displays WHO disease estimates for the year 2004 by age, sex 
and cause, allowing for manipulation and generation of disease specific or risk 
factor summaries; 
• INTERMEDIATE ANALYSIS – Allows insertion of mortality country data with 
automatic YLD modifications enabling comparison with WHO estimates for the 
year 2004 by age, sex and cause; 
• COMPREHENSIVE ANALYSIS – Provides features for insertion of country data with 
cause-specific YLD modifications allowing comparison with WHO estimates for the 
year 2004 by age, sex and cause through revisions of mortality, incidence and 
prevalence of disease and injury.  
The first option that a user is faced with when opening the toolkit is selecting the 
type of analysis (Figure 23). 
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Figure 23: Selecting the type of analysis: Quick start, Basic analysis, 
Intermediate analysis, Advanced analysis. 
The wording of each of these levels was carefully selected to be directed at the level 
of analysis rather than indicating any level of competency of the user to avoid any 
judgment. Depending on the type of analysis selected, the user has access to opening a 
restricted number of files (3 out of 9) as is the case when selecting “Quick start” (Figure 
24), to 8 out of 9 files when selecting “Basic analysis” or to all the workbooks when 
selecting “Intermediate or Advanced analysis” (Figure 25) 
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Figure 24: Access to a number of restricted files upon “Quick start” selection 
 
Figure 25: Access to all available files when selecting “Intermediate or 
Advanced analysis” 
The next selection to be made is the year of reference. Currently, only one year is 
available but options to include subsequent years can be considered (Fig. 26). The next 
option is to select the country of interest (Fig. 27). As of now, only mortality and causes 
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of deaths have been updated for the year 2008. DALYs have not been updated due to 
the complexity of obtaining more recent data for morbidity as highlighted in Chapter 2. 
Updates for both mortality and morbidity are available from the GBD study 2010 but 
these are surrounded by controversy as highlighted in previous sections. 
 
Figure 26: Selecting the year of analysis 
 
Figure 27: Selecting the country 
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A user guide was also developed (Annex T) for the interface which helps the user 
navigate the tool, also accessible directly from the toolkit interface from the question 
mark icon in the top right-hand corner (Figures 3-9). 
6.4 Applying and testing the NBD toolkit 
6.4.1 Context 
Training on the NBD toolkit was provided in a series of workshops that took place 
between in April 2010 and December in 2011 which included 186 participants from 38 
countries in Africa, Asia and the Middle-East (Table 2, Chapter 2). The overall aim of 
these workshops was to enhance the analytical capacity of individuals by sharing tools 
and methods. The training workshops took place in Kenya (April 2010), South Africa 
(October 2010), Thailand (July 2011) and Qatar (December 2011). The NBD session took 
place at all workshops as half-day sessions including an introductory presentation, 
followed by a practical hands-on session.  
The workshop participants included government officials from the Ministry of Health, 
National Statistical Offices (NSO), as well as international organizations members 
working at country level (UNICEF, WHO, World Bank), nongovernmental organizations 
(NGOs), national academic institutions and research centres. Regional and international 
level participants from NGOs, to international organizations, donors and academic 
institutions also took part in the training workshops e.g. Save the Children, African 
Population and Health Research Centre (APHRC), Centre for Disease Control and 
Prevention (CDC), the Global Alliance for Vaccines and Immunisation (GAVI), the Global 
Fund to fight AIDS, Tuberculosis and Malaria, ICF Macro International, United Nations 
Economic and Social Commission for Asia and the Pacific (UNESCAP), UNICEF, WHO, 
World Bank, Johns Hopkins University (USA), London School of Hygiene and Tropical 
Medicine (LSHTM), and the Swiss Tropical Institute. Positions of participants within their 
respective institutions were medical doctors, data managers, public health officers, 
health economists, planning managers, researchers and information and technical 
officers. 
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6.4.2 Evaluation results during training workshop 
Self-knowledge evaluation 
The NBD toolkit session was introduced and training was provided at three 
workshops in Cape Town (South Africa), Bangkok (Thailand) and Doha (Qatar). 
Evaluation forms were distributed to participants to rate their knowledge on a scale of 1 
to 5 prior, to and following the training session. A rating of 1 indicated very weak 
knowledge, while a rating of 5 indicated a very strong knowledge.  
Results 
The results of the self-evaluation of knowledge on the burden of disease methods 
and tool kit across the three regions (Africa, Asia and the Middle East) are summarized 
in Figure 28. It is noticeable that during the Cape Town workshop, 2% of participants 
indicated a very strong knowledge prior to the training. This is due likely to the fact that 
South Africa was a participating country in the training workshop, and some of the 
leaders on the national burden of disease work in South Africa were present. More than 
half of participants in the African workshop indicated very weak or weak knowledge, 
while in Asia over 80% indicated very weak or weak knowledge in burden of disease 
practices prior to the training session. Less than half indicated very weak or weak 
knowledge in the Middle Eastern region prior to the training session. At the other end of 
the scale, fewer participants in the Asian and Middle Eastern workshops (37% and 39% 
respectively) indicated strong or very strong knowledge once participants had gone 
through the training session compared to 60% in the African region.  
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Figure 28: Knowledge self-evaluation pre- and post-workshop in Cape Town (South 
Africa), Bangkok (Thailand) and Doha (Qatar) 
6.4.3 Toolkit revision 
Based on feedback received during each workshop compiled during the training, and 
further comments on the evaluation forms, the toolkit was revised and updated to 
correct any problems that had arisen during the training sessions. The most common 
issues arising during the use of the toolkit related to the version of Microsoft Office in 
use. By the first workshop in Nairobi, Kenya in April 2010, the toolkit was running 
optimally on Windows XP, Microsoft Office 2003, systems in use during the 
development of the interface. Issues arose rapidly when a user tried opening the tool on 
Windows Vista, Macintosh system or a more updated version of Microsoft Office. Many 
of the trainees were using more up-to-date versions, and therefore, many problems 
were encountered. Such problems were mainly due to the Microsoft Visual Basic (VBA) 
for Applications. VBA is a computer programming language which is used to control 
Microsoft Excel's functionality, but can also be used to control Microsoft Word, 
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PowerPoint or other programs (Microsoft 2013). VBA allows for automated generation 
of tables and charts, as well as data processing. 
Another common issue encountered by users was the fact that they did not have 
Microsoft Access installed on their computers. Although one does not require the 
knowledge to use or even need to open Access, a user should have this program 
installed on the computer as all data is stored as a database in Access. Depending on the 
command that the user requests through the toolkit interface, VBA will retrieve the 
necessary information. A series of run-time errors occurred on a regular basis. Run-time 
errors are software issues preventing the program from functioning correctly. The run 
time errors were recorded and fixed by the developer. The interface and toolkit have 
gone through four updates, with a final update in January 2013 adapting the toolkit to 
all Windows and Microsoft versions.  
6.4.4 Toolkit evaluation questionnaire assessment 
A follow-up assessment was undertaken to assess the use of the toolkit following 
participation in a series of workshops held between April 2010 and December 2011. A 
questionnaire was sent electronically to 218 recipients, 186 of which participated in a 
training workshop and to 32 individuals who requested national burden of disease 
estimates by email. The evaluation questionnaire was developed to gather information 
on the use in terms of frequency of use, extent of use and purpose of use to help inform 
the future needs and developments to the toolkit. 
The questionnaire was structured into six sections, consisting of 62 questions:  
A. Background information on user;  
B. Burden of disease knowledge;  
C. NBD toolkit;  
D. Frequency of use;  
E. Use;  
F. Future directions for the NBD toolkit. 
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An evaluation questionnaire was developed to assess use of the NBD tookit in the 
months that followed the training workshop. The first version of the questionnaire was 
shared with the Coordinator of the Mortality and Burden of Disease Unit at WHO, an 
expert on mortality at WHO and the thesis supervisor at the University of Surrey. Based 
on comments received from the three reviewers, the questionnaire was revised, 
updated and further improved to enhance clarity, focus of the questions asked and to 
avoid repetition. The revised evaluation questionnaire was pilot tested by five 
individuals, selected based on their knowledge of burden of disease studies, or as being 
experts in the subject from WHO and the University of Surrey prior to sending it out to 
the 218 recipients. The questionnaire was administered using the online survey tool 
‘Survey Monkey’ and the reviewers helped to assess the coherence, the skip logic and 
the time required to fill out the evaluation questionnaire. Based on the pilot test, three 
logic skips and typography were corrected. Depending on the answers given, the time to 
complete the questionnaire could run from 5 minutes to 20 minutes or more depending 
on how much information the respondent was willing to provide. Both user groups, i.e. 
workshop participants and users that had requested the toolkit were guided through the 
questionnaire and the same questions from question 1 to question 14, at which point a 
skip was introduced to differentiate between both groups: workshop group went 
through questions 15 to question 24 and the respondents that requested the toolkit 
were asked to respond to two specific questions to ascertain how they had become 
aware of the existence of the toolkit. As of question 27, both groups were taken through 
the remainder of the questionnaire. Depending on responses, specific skips were 
introduced that either required the respondent to provide further details on the in-
depth use of the toolkit, or to take them to the last section of the evaluation 
questionnaire relating to future directions for the toolkit. 
The NBD toolkit can be made available upon request. Since the development of the 
user-friendly interface, the toolkit has been requested by 46 users from governments, 
NGOs and academic institutions from 25 countries. In order to obtain further 
information about the specific use of the toolkit and to establish whether further studies 
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had made use of the toolkit in the national analyses, the evaluation questionnaire was 
also sent to these individuals.  
The response rate and background information on users are outlined in Chapter 2 
(Section 2.1.3). The full questionnaire can be found in Annex R. 
6.4.5 Questionnaire results 
 Of the 43 respondents to the follow-up assessment, 21 were individuals that 
attended one of the organized workshops and 15 were those that requested the NBD 
toolkit directly (7 respondents skipped this question). Of the respondents that attended 
the workshops 30% attended the one in Kenya, 35% in South Africa, 45% in Thailand and 
25% in Qatar. Among responses, 70% were participants while 20% attended as a 
facilitator for another session, and 10% indicated that they were there as observers. Of 
all respondents, 76% attended the training session on the NBD toolkit. The majority of 
the NBD session participants had heard of the NBD toolkit (73.3%), while over a quarter 
had not (27%). Most had heard about it through a colleague (46%), others claimed to 
have read about it through the literature (36%), while the remaining indicated they had 
attended a previous workshop where the toolkit was presented or mentioned. None of 
the respondents had ever used the toolkit prior to attending the workshop session. Over 
70% of respondents indicated having opened the toolkit since the workshop; however, 
only 7% actually used it. 
The reasons invoked for not using the NBD toolkit following the workshops was 
primarily a lack of time, with a fifth indicating not recalling how to open and use it 
(Figure 29). Some further indicated a lack of understanding regarding the toolkit and 
finding it difficult to use. 
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Figure 29: Reasons for not using the NBD toolkit following attendance at one of the 
workshops (multiple responses possible) 
Of those that requested a copy for the NBD toolkit (35% of respondents), 4% came 
across the toolkit online while the remaining heard about it from a colleague or as part 
of making contact with a burden of disease staff member. Many users encountered 
technical issues while trying to use the toolkit (58%), while the others indicated it 
worked fine. Some of the issues encountered included run-time errors (71%), Microsoft 
Office version issues (57%), Macros not enabled (71%) or Microsoft Access not being 
installed on their computer (14%). When asked how user-friendly they found the toolkit 
interface, most indicated that it was somewhat user-friendly (75%), only 17% found it 
very user-friendly and 8% not user-friendly at all. When asked about the toolkit overall, 
25% indicated it was very user-friendly, 67% found it somewhat user-friendly and 8% 
not at all. 
The results for the frequency of use of the toolkit after receiving it indicated that 
most have used it between two and five times (58%), one quarter used it once and 17% 
ended up never using it as a result of not being able to make work. Almost half spent 
between two and five days using the toolkit, while one respondent indicated using it for 
more than two weeks. Nearly a fifth of respondents spend at least a day, the remaining 
using it for a day or less. 
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The purposes for using the toolkit indicated that most intended to use the results in a 
national report, followed by using them for comparison/validation purposes. Other 
purposes included priority setting, information for budgetary allocations or to help 
answer a research question (Figure 30). 
 
Figure 30: Purpose of use of NBD estimates (multiple answers possible) 
Some respondents provided further insights into the purpose of using the NBD toolkit 
estimates and included the following: 
 To use Indonesia Basic Health Research data on measuring National Burden of 
Diseases; 
 To extract national YLL and YLD data using the functions of discounting and age 
weighting; 
 To support the generation of evidence to advise policy which was achieved; 
 To compare and validate national data; 
 To use background material and as a first step for establishing own National Burden 
of Disease Study; 
 To write a case study for the Disease Control Priorities Project (DCP3) project 
describing the use of BOD and DCP for writing the National five- year strategy; 
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 To use the toolkits to calculate population attributable fractions (PAFs) for selected 
risks in the New Zealand Burden of disease study; 
 To provide a rational basis for prioritizing the content of a national report; 
 To develop national DALY indicators 
Nearly 80% of users indicated that the toolkit helped answer the question or 
supported the work they were to trying to achieve, 56% found it a useful tool and 22% 
very useful as a part of their work or research. One respondent found it somewhat 
useful and another not useful.  
One issue that was of particular interest was to find out whether the outputs of the 
toolkit were further shared. All respondents indicated having shared the results of the 
use of the toolkit either with colleagues (78%), in a presentation (22%), or as part of 
journal publication (11%). One respondent reported having used the results in England’s 
Department of Health report ‘Chief Medical Officer (CMO) annual report 2011: On the 
state of the public’s health’ (Davies 2012). 
Several respondents indicated that the outcomes from the use of the toolkit were 
included in reports and are likely to have an effect on influencing policy and/or setting 
priorities. One example is where a respondent reported that the results attracted 
attention to the disease burden caused by air pollution. Another notable example is also 
where the results were used in prioritizing specific interventions within the national 
health strategy, neither the interventions nor the country were specified in this case. 
The level of analysis that was most accessed was the ‘Basic analysis’ level by more 
than half the users, while one third accessed the ‘Intermediate analysis’ level. Only two 
respondents indicated making use of the feature of inserting their own mortality 
country data at this level with automatic YLD modifications which were disaggregated 
by sex. One respondent highlighted the fact that the mortality data they had was limited 
and that they used estimates for HIV/AIDS derived from the SPECTRUM, a projection 
model and adjusted pertussis, measles and a few others disease outcomes from national 
disease surveillance data which were available. Only between 20 and 39% of cause of 
death data were available based on the GBD cause list.  
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Two users ventured into the ‘Comprehensive analysis’ level which allows the use of 
the feature of inserting their own country data cause-specific YLD modifications. Results 
indicate that the sources of data used when using the tool with their own national data 
include disease registers, population survey results, epidemiological studies and health 
facility data. 
Generally, the files that were opened and used included the DALY workbook, 
followed by the risk factors spreadsheets and YLD template, then summary presentation 
slides and its accompanying summary spreadsheets. 
For those that accessed the DALY workbook specifically, users were mostly interested 
in disaggregated mortality related data, deaths by age, sex and cause as well as data on 
YLD (Figure 31). 
 
 
Figure 31: Selection of spreadsheets within the DALY workbook 
Just over one tenth of respondents accessed the CRA template, of which only one 
fifth generated specific risk factor spreadsheets and further input for their own country 
data. Although one of the users indicated being able to access data related to DALYs lost 
to disease or other epidemiological information such as mortality rates or disease 
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incidence, the other ‘advanced’ user indicated not having access to such data. Both 
users indicated that they were unable to have access to data related to the exposure-
response relationship data.  
Fifteen different risk factor spreadsheets were generated by the users and included: 
 Alcohol 
 Underweight 
 High Body Mass Index (BMI) 
 High cholesterol 
 Illicit drugs 
 Low fruit and vegetable intake 
 Occupational airborne particulates 
 Occupational carcinogens 
 Occupational ergonomic stressors 
 Occupational noise 
 Physical activity 
 Tobacco 
 Unsafe sex 
 Unsafe WSH 
Overall, when asked whether it was helpful to provide national estimates as part of 
the toolkit, 78% indicated that it was, while 19% indicated that it was somewhat useful. 
3% said it was it was not applicable. 77.% suggested that further work be definitely 
invested in improving and updating the toolkit, while 23.3% indicated maybe this could 
be a possibility. None responded that it was not worthwhile. 
A number of individuals provided comments on the way forward and overall 
suggestions.  
The feedback and comments can be organized into four categories: 
1) Timeliness of data; 
  
 
Page 147 of 248 
 
 
2) Transparency regarding the methods and data sources used 
3) Functionalities of the tool; 
4) Capacity-building. 
One of the comments that came up several times included the issue regarding 
timeliness of data. The requests included incorporating up-to-date estimates of deaths, 
YLLs and YLDs, as well as incorporating health financing data and advanced functions for 
developing risk factor templates. Another issue raised by several users was the lack of 
transparency concerning the methods and the sources of data that were used to 
develop the estimates, although there was wide recognition that the strength of the 
toolkit was the ability to input users’ data and not having to rely on the estimates unless 
needed. Users still experience issues while using the toolkit whether it is a Windows or 
Microsoft version issue, making the tool challenging to use in some cases.  
It was also suggested that further training is needed, or at least a more in-depth user-
guide be developed to enable individuals to train themselves and work with the toolkit 
in an optimum manner (Annex T). One suggestion included incorporating the toolkit 
online with the opportunity to receive online training. Additionally, one individual 
commented on the need to identify committed persons from countries where the NDB 
toolkit is not being used because of lack of capacity/confidence due to lack of in-depth 
understanding of the toolkit and provide them with the capacity to use and validate the 
results mainly for comparison purposes and policy formulation support. 
One respondent shared the fact that a knowledge sharing session on NBD toolkit 
took place during the Annual Medical Record Conference in 2011 in Malaysia. Medical 
Record Officers from the whole country participated in this conference, and they were 
the officers in charge of collecting HMIS data in their respective hospitals/states. There 
were also representatives from the Department of Statistics that produces official vital 
statistics for the country. No further information was provided on this event by the 
respondent. 
One notable comment that was provided by one of the respondents working as an 
epidemiologist in an academic research institution in Malawi, who reported the 
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following: “The main problem with BOD work is that people (politicians, health policy 
makers, doctors, nurses, planners) do not like DALYs. They do not understand them, they 
cannot smell or touch them! The measure seems too abstract and for that reason people 
are wary of using them. What is needed is a global training workshop with top quality 
examples to help people trust them and to make decisions based upon them. One 
recurrent problem is that people mention that some economists ridicule them, or at least 
criticize them. Therefore, besides some good quality workshops we need a strong 
rebuttal of doubters about DALYs to help make them a mainstream planning tool. I have 
suggested to DCP that their next cost-effectiveness assessments consistently use $/DALY 
and not QALYs or YLLs, again to bolster the acceptance of the currency.” 
6.5 Discussion 
The present scope of work with the tool and interface is of necessity limited, and 
further testing in a wider range of countries in different geographic regions is needed. 
However, the initial results and growing uptake give confidence that this and similar 
future approaches will fall on fertile ground. As country-level institutions become more 
accustomed to using tools of this kind to fill long-standing data gaps through wider 
dissemination and training, it can be anticipated that they will feel greater confidence in 
their own data, reduced reliance on internationally-generated estimates and projections 
that are frequently not well understood, and an increased sense of ownership over the 
national process. 
Overall, the assessment results indicate that the tool has not been used to its full 
capacity or only by a very few. Only two of the national burden of disease studies made 
use of the toolkit and have either been published or are in the process of publishing 
(Moller et al. 2012, Caley et al. 2013). One of the published studies was identified as 
having used the NBD toolkit to undertake their analysis on the comparative risk 
assessment of five major lifestyle risk factors from the Wirral Borough in the United 
Kingdom (Moller et al. 2012). Another study has been undertaken in the United 
Kingdom where the NBD toolkit was applied (Caley et al. 2013). This paper aimed to 
assess the prior estimates within the toolkit and to apply the NBD toolkit to nationally 
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available data relating particularly to risk factors to offer insights into the practicality of 
the toolkit for the UK. This paper concludes that the toolkit provides a useful framework 
to consider the impact of disability and mortality disaggregated by five year band age 
groups that can be further analysed and that this toolkit provides a useful resource for 
local and national public health and healthcare service planning. 
Undertaking a national burden of disease study is a long and complex process. The 
capacity at country level to carry out these studies is not adequate. Furthermore, very 
often, the data needed is just simply not available (Hansen and Chapman 2008). 
Providing countries with this toolkit, and with prior estimates that have been developed 
by WHO, enables them to supplement these with what data they do actually have to 
develop their own studies without having to deal with the complex methodological 
issues behind undertaking a burden of disease study in their country from scratch. The 
NBD toolkit results can also be used as part of the analysis and synthesis sections 
feeding into annual health sector reviews (AHSR), progress and performance reports at 
country level. The added value for countries who want to assess their burden of disease 
is the fact that the NBD toolkit provides countries with a set of estimates which can be 
used as a starting point to developing national dataset further but do not necessarily 
have to be relied on in full, or at all if they have the relevant data at country level. The 
use of the NBD toolkit helps improves ownership and understanding of the availability 
and quality of data, helps identify health data gaps and improve capacity. 
The NBD toolkit represents a practical outcome based on the previous analyses 
undertaking the different contexts and applying the EBD guide on unsafe WSH. It is a 
powerful, yet under-used tool with estimates that are intended to provide a starting 
point for more in-depth analyses by NBD study teams. The goal is then for national 
burden of disease studies to in turn lead to improvements in the GBD estimates at 
national, regional and global levels. Further work should be invested in providing 
training not only with regard to the methods used as part of burden of disease studies, 
but also in the use of the tool and of its advanced features. 
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6.6 Conclusion 
The advantages of using the NBD toolkit and its new interface are many. The toolkit 
provides users at country level easy access to their data and does not require any prior 
knowledge other than basic computer skills and the installation of Microsoft Office, 
preferably version 2010, on their computer, including Access and PowerPoint which is 
provided with the Professional version of Microsoft Office. The toolkit also provides the 
user with the opportunity to input their own data, if available, making it more timely, 
while working with existing internationally-generated estimates to complement their 
national health datasets. Not only does ownership improve, it also allows them to 
identify any gaps and data quality issues through direct comparison with estimates 
within the toolkit, improving capacity. This helps reduce the gaps with what is produced 
at global level and what is done at national level. 
Not only does the toolkit provide users with the opportunity to input their own data, 
but it also allows for comparison between national data and WHO estimates within the 
toolkit, highlighting discrepancies between the two sets, pointing to areas where data 
quality may be an issue and where data need further investigating. The toolkit 
additionally helps to raise awareness of what data is needed to be able to use the toolkit 
and to work towards filling the data gaps in the medium to long-term, depending on the 
financial resources and capacity available at country level.  
In the short-term, this will allow users to generate or partially generate their own 
estimates depending on what data they have available at country level, adding 
confidence to nationally available data, combining them with existing internationally-
generated estimates for their country. Although issues concerning comparability will be 
evident, the use of the NBD toolkit provides countries with a first overview of the 
burden of disease at country level, providing country users with ownership of their data. 
It will further be a first step towards establishing what data is needed, assessing what is 
already available, and in focusing efforts towards acquiring what data is missing or 
needs improving.  
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If used as intended, the toolkit could inform policy, help inform the health research 
agenda, assist in guiding interventions, and, contribute to improving the availability, 
quality, and harmonization of national data.   
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Chapter 7 Discussion and conclusions 
 
7.1 Discussion 
This study highlights one key fundamental issue: the underlying sources of data are 
fragmented and patchy making use of tools or methods to estimate the burden of 
disease highly problematic. Chapter 2 outlined the different sources of data highlighting 
the gaps and uncertainties of these data. There are still many gaps in the information of 
population health and available data are fraught with weaknesses, and reporting 
systems. Chapter 4 clearly outlined that gaps and unreliable data make the application 
of methods and tools to estimate the burden of disease challenging. Providing an 
accurate picture of morbidity and mortality across countries and different age ranges is 
therefore difficult to estimate and country users, e.g. decision makers, lack confidence 
in the results. Chapter 5 highlighted the application of the burden of disease 
attributable to environmental risk factors, notably from unsafe water, sanitation and 
hygiene in combination with malnutrition. Chapter 6 proposed a concrete and 
operational tool that helps country users identify what data is needed and what gaps 
exist in national datasets in a comprehensive and transparent manner. In turn, the use 
of the toolkit increases data quality, institutional capacity and ownership while building 
capacity at the individual level.  
One of the key contributions of this study has been to provide a better understanding 
of the evidence base required to assess the burden of disease, providing for the first 
time, a comprehensive synthesis of data sources, methods to estimate the burden of 
disease, the fraction attributable to risk factors, and outlining the challenges in applying 
these methods. It has also highlighted through several case studies current practices at 
country level, highlighting the weak capacity and global estimation processes used by 
providing a better understanding of what data are available, approaches used to 
develop global estimates, and their application.  
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The major output of this study is the development of a user-friendly operational data 
management system to incrementally fill the gap and in the long-term improve data 
quality, while concurrently increasing capacity at country level. A key contribution has 
been the development of an operational interface for the NBD tool, bringing together 
and linking all spreadsheets into a comprehensive framework. Without this initiative, 
the NBD spreadsheets could have been used only as highlighted in Figure 20 (Chapter 7) 
and in this early format could not have been shared at the workshop and with the users 
that requested its use and who continue to request it. In addition, the assessment of the 
environmental burden of disease from unsafe water, sanitation and hygiene, taking into 
the account the burden associated with malnutrition and the proportion attributable to 
unsafe WASH provides for the first time results of two associated risk factors in 
combination, traditionally assessed in isolation.  
While the original question at the start of this study was to assess the environmental 
burden of disease associated with malnutrition and the contribution from unsafe water, 
sanitation and hygiene in combination, it soon became clear that the data and estimates 
used yielded large uncertainties based on the fragmented and poor quality of the 
underlying data sources. This resulted in a shift from the original question to 
investigating some of the latter findings.  This has resulted in a non-conventional 
research study, with some parts being addressed only superficially due to the great 
breadth of the work and related time constraints.  
There is no easy solution to the underlying data deficiencies that countries 
experience. The case studies presented in this study could have benefitted from 
additional work in different countries to make the case stronger. Ultimately, the intent 
is to make clear that current available tools and global estimation processes make the 
best of what is available and that efforts should be directed at reducing the gap 
between country users and global stakeholders practices. Although the current research 
does not solve the data issues discussed throughout the chapter, it critically discusses 
the present situation is and what can be done about it, while proposing a tool that can 
solve one aspect of a challenging puzzle: the underlying health data enquiry. 
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The present limitations of data sources in developing countries, outlined throughout 
this study, is unacceptable in today’s world as it prevents optimal disease prevention 
and management as well as optimal targeting of financial and technical assistance.  
Unless births and deaths can be counted and measured, any attempt to estimate the 
burden of disease will continue to rely on statistical models and assumptions that may 
only provide an approximate status of population health as has been clearly 
demonstrated through the cases studies in Chapter 3. The use of models to derive 
estimates creates confusion for country users, especially when several sets of estimates 
for the same year are developed by different international groups, such as UN-IGME or 
IHME as described in Case study 3 using child mortality, malaria and diarrhea estimates 
as examples. Discrepancies and differences in globally derived estimates fuel the 
mistrust of users at all levels.  
Despite weaknesses in available data, there is a need to have estimates of births and 
deaths, assessments of the burden of disease for different age group for specific risk 
factors and health outcomes. In the absence of reliable and timely data on population 
health world over, estimates and available tools such as the environmental burden of 
disease assessments are used. Currently, such estimates provide the most appropriate 
available information on which to base decisions and take action and are better than no 
information at all. Estimates allowing comparability across countries and regions provide 
necessary information for international donor agencies, public health organizations, 
NGOs and research institutions for directing efforts towards those that need it most. 
 Improving birth registration, death certification and registration and strengthening 
of HIS will not happen overnight. These will require considerable investment way 
beyond the scope of this study. What this study does propose is to pave the way, using 
the NBD toolkit, bridging the gaps between global estimation methods and country 
datasets. Access to more available and better quality at country level will in turn 
improve the reliability of estimation process and reduce the unknowns, currently 
modelled, and in turn, trust and understanding by country users of newly developed 
estimates will increase. 
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This study has clearly highlighted that there are considerable gaps in the evidence 
base of population health in the world today. The study has further raised awareness 
concerning these gaps and the challenges in manipulating poor quality information and 
the effects on estimation methods/tools and their use by country stakeholders. Moving 
from globally generated estimates based on patchy and weak national data in which 
country users have little confidence as highlighted in Chapter 4, to better quality and 
reliable statistics based on stronger national data is the root of this study. Its principal 
contribution is to develop and test and proposed a tool to overcome these deficiencies, 
offering country users a way to radically improve their national data systems.  
7.2 Conclusion 
Increasing and providing access to safe and sustainable water, sanitation and hygiene 
to all people would prevent significant deaths in children and suffering for many around 
the world, and improve the lives of millions. Yet without reliable information and data, 
this dilemma can’t be tackled efficiently. Burden of disease assessments or monitoring 
efforts such as those of the Joint Monitoring Programme (JMP), for example, will have 
to continue to rely on weak and fragmented information generated at country level and 
the use of statistical models to generate estimates.  
As highlighted and described throughout this research project, the gaps and 
uncertainties in the data are substantial and will require continued and increased 
investment and coordinated effort and attention from all stakeholders at national, 
regional and global levels. While this research study cannot solve the entire underlying 
sources of the data dilemma, it provides in the short-term a clearer understanding of 
the current status of knowledge in population health information highlights gaps and 
uncertainties regarding the information currently available and has developed a user-
friendly interface for the NBD toolkit to facilitate the use of one comprehensive burden 
of disease assessment tools. The operationalization of the toolkit represents a step 
towards enabling users to input national data into the tool and to incrementally build-up 
the required information to assess the burden of disease as an ongoing process. This 
significantly contributes to strengthening the quality and availability of the much 
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needed underlying data. Not only does the NBD toolkit provide countries with 
ownership over their estimation process - ownership that is clearly lacking as highlighted 
in the study - but it also creates better awareness of what is done or not done at the 
international level.  
The use of an operational NBD toolkit aims to help bridge the gap between global 
and national estimates, while increasing mutual trust in national and global level data 
exchanges. If the tool were to be consistently applied over the next 10 years by country 
users, it would likely improve the evidence base of public health information 
significantly in the post-2015 era, directing resources and attention towards those most 
in need and vulnerable groups.  
Deficiencies in the underlying sources of data need to be highlighted and 
communicated more prominently. Providing a synopsis of the underlying sources of data 
and associated deficiencies, application of tools and methods available, and improving 
the understanding of these issues can help policy and decision-makers at the country 
level take ownership and the necessary actions to improve the evidence base for health 
decision-making. The use, uptake and promotion of a tool, such as the one proposed in 
this study will only be valuable when there is clear understanding at the political level of 
the value and importance of sound data and their use. Fragmentation, lack of 
institutional capacity and ownership at country level of data continues to feed the intra-
country divide, feeding into challenges outlined in this study for disease estimation at 
global level. 
Proposed next steps as a follow-up to this research study would be to include more 
recent available estimates produced by WHO and others and to focus on increasing 
transparency in methods and data used for the development of these estimates, making 
it clear exactly how they have been derived. 
In the longer-term, it would be advisable to highlight and communicate the 
estimation processes used and the uncertainties for the measure of different scenarios. 
Additionally, the promotion of larger investments in the evidence base, such as vital 
registration systems is needed. Until governments and support agencies substantively 
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invest human and financial resources in the underlying sources of data, such as 
developing or strengthening civil registration for a start, and monitoring and reliable 
health reporting systems at national and sub-national level, the world will have to make 
do with the available information and estimate generation process and assessment tools 
to fill the gaps. Additionally, investment in country capacity building for collecting, 
analyzing, synthesizing and reporting data should be a priority. Linkages between 
national institutions, academic and research centres and governmental organization 
need to be strengthened. 
Any major, long-term investments should concentrate on the root cause of the 
present lack of progress in many developing countries, namely the lack of good quality 
and routinely collected data allowing for sound monitoring, together with the lack of 
institutional capacity for generating accurate and comprehensive data. Without this, 
measuring progress towards the national or international targets, and any subsequent 
targets that may be set as part of the post-2015 development agenda, will be extremely 
difficult. Any post-2015 discussions on sustainable development goals, indicator 
definitions, baseline data and targets will not be effective without accelerated and 
concerted efforts on improving the data collection, and monitoring and reporting 
mechanisms. Reliable information is needed to be able to prioritize efforts by decision-
makers and to target funding by external support agencies. Underlying data and the 
root causes preventing the availability of timely health information should be at the 
centre of any political debates and discussions at country, regional and global level if the 
causes of ill-health and suffering in the world are to be eradicated by the end of the next 
development agenda in 2030.  
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Number of 
countries 
1990 Round 
(1985 - 1994)
Country did 
at least one 
census in 
this round
2000 
Round 
(1995-
2004)
Country did 
at least one 
census in 
this round
2010 Round 
(2005-2014)
Country did 
at least one 
census in 
this round
Algeria 1 1987 1 1998 1 2008 1
Angola 1 0 0 2013 1
Benin 1 1992 1 2002 1 2013 1
Botswana 1 1991 1 2001 1 2011 1
Burkina Faso 1 1985 1 1996 1 2006 1
Burundi 1 1990 1 0 2008 1
Cameroon 1 1987 1 0 2005 1
Cape Verde 1 1990 1 2000 1 2010 1
Central African Republic 1 1990 1 2003 1 2013 1
Chad 1 1993 1 0 2009 1
Comoros 1 1991 1 2003 1 2013 1
Congo 1 1994 1 1996 1 2007 1
Côte d'Ivoire 1 1988 1 1998 1 2013 1
Democratic Republic of the Congo 1 0 0 2013 1
Djibouti 1 0 0 2009 1
Egypt 1 1986 1 1996 1 2006 1
Equatorial Guinea 1 1994 1 2002 1 2013 1
Eritrea 1 0 0 0
Ethiopia 1 1994 1 0 2007 1
Gabon 1 1993 1 2003 1 2013 1
Gambia 1 1993 1 2003 1 2013 1
Ghana 1 0 2000 1 2010 1
Guinea 1 0 1996 1 2013 1
Guinea Bissau 1 1991 1 0 2009 1
Kenya 1 1989 1 1999 1 2009 1
Lesotho 1 1986 1 1996 1 2006 1
Liberia 1 0 0 2008 1
Libya Arab Jamahiriya 1 0 1995 1 2006 1
Madagascar 1 1993 1 0 2013 1
Malawi 1 1987 1 1998 1 2008 1
Mali 1 1987 1 1998 1 2009 1
Mauritania 1 1988 1 2000 1 2013 1
Mauritius 1 1990 1 2000 1 2011 1
0 1990 0 2000 0 2011 0
Mayotte 1 0 0 2007 1
Morocco 1 1994 1 2004 1 2014 1
Mozambique 1 0 1997 1 2007 1
Namibia 1 1991 1 2001 1 2011 1
Niger 1 1988 1 2001 1 2012 1
Nigeria 1 1991 1 0 2006 1
Réunion 1 1990 1 1999 1 2006 1
Rwanda 1 1991 1 2002 1 2012 1
Saint Helena ex. dep. 1 1987 1 1998 1 2008 1
Sao Tomé and Principé 1 1991 1 2001 1 2012 1
Senegal 1 1988 1 2002 1 2013 1
Seychelles 1 1987 1 1997 1 2010 1
0 1994 0 2002 0 0
Sierra Leone 1 1985 1 2004 1 2014 1
Somalia 1 1987 1 0 0
South Africa 1 1985 1 1996 1 0
0 1991 0 2001 0 2011 1
South Sudan 1 1993 1 0 2008 1
Sudan 1 1993 1 0 2008 1
Swaziland 1 1986 1 1997 1 2007 1
Togo 1 0 0 2010 1
Tunisia 1 1994 1 2004 1 2014 1
Uganda 1 1991 1 2002 1 2014 1
United Republic of Tanzania 1 1988 1 2002 1 2012 1
Western Sahara 1 0 0 0
Zambia 1 1990 1 2000 1 2010 1
Zimbabwe 1 1992 1 2002 1 2012 1
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Number of 
countries 
1990 Round 
(1985 - 1994)
Country did 
at least one 
census in 
this round
2000 
Round 
(1995-
2004)
Country did 
at least one 
census in 
this round
2010 Round 
(2005-2014)
Country did 
at least one 
census in 
this round
Anguilla 1 1992 1 2001 1 2011 1
Antigua and Barbuda 1 1991 1 2001 1 2011 1
Aruba 1 1991 1 2000 1 2010 1
Bahamas 1 1990 1 2000 1 2010 1
Barbados 1 1990 1 2000 1 2010 1
Belize 1 1991 1 2000 1 2010 1
Bermuda 1 1991 1 2000 1 2010 1
British Virgin Islands 1 1991 1 2001 1 2010 1
Canada 1 1986 1 1996 1 2006 1
0 1991 0 2001 0 2001 0
Cayman Islands 1 1989 1 1999 1 2010 1
Costa Rica 1 0 2000 1 2011 1
Cuba 1 0 2002 1 2012 1
Dominica 1 1991 1 2001 1 2011 1
Dominican Republic 1 1993 1 2002 1 2010 1
El Salvador 1 1992 1 0 2007 1
Greenland 1 0 0 2010 1
Grenada 1 1991 1 2001 1 2011 1
Guadeloupe 1 1990 1 1999 1 2006 1
Guatemala 1 1994 1 2002 1 2013 1
Haiti 1 0 2003 1 2013 1
Honduras 1 1988 1 2001 1 2013 1
Jamaica 1 1991 1 2001 1 2011 1
Martinique 1 1990 1 1999 1 2006 1
Mexico 1 1990 1 2000 1 2005 1
0 0 0 2010 0
Montserrat 1 1991 1 2001 1 2011 1
Netherlands Antilles 1 1992 1 2001 1 0
Nicaragua 1 0 1995 1 2005 1
Panama 1 1990 1 2000 1 2010 1
Puerto Rico 1 1990 1 2000 1 2010 1
St. Kitts and Nevis 1 1991 1 2001 1 2011 1
St. Lucia 1 1991 1 2001 1 2010 1
St. Pierre and Miquelon 1 1990 1 1999 1 2006 1
St. Vincent and the Grenadines 1 1991 1 2001 1 2011 1
Trinidad and Tobago 1 1990 1 2000 1 2011 1
Turks and Caicos Islands 1 1990 1 2001 1 2012 1
United States of America 1 1990 1 2000 1 2010 1
United States Virgin Islands 1 1990 1 2000 1 2010 1
Argentina 1 1991 1 2001 1 2010 1
Bolivia 1 1992 1 2001 1 2012 1
Brazil 1 1991 1 1996 1 0
0 0 2000 0 2010 0
Chile 1 1992 1 2002 1 2012 1
Colombia 1 1985 1 0 2006 1
0 1993 0 0 2014 0
Ecuador 1 1990 1 2001 1 2010 1
Falkland Islands (Malvinas) 1 1986 1 1996 1 2006 1
0 1991 0 2001 0 0
French Guiana 1 1990 1 1999 1 2006 1
Guyana 1 1991 1 2002 1 2012 1
Paraguay 1 1992 1 2002 1 2012 1
Peru 1 1993 1 0 2005 1
0 0 0 2007 0
Suriname 1 0 2003 1 2012 1
0 0 2004 0 2012 0
Uruguay 1 1985 1 1996 1 2011 1
0 0 2004 0 0
Venezuela 1 1990 1 2001 1 2011 1
A
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Number of 
countries 
1990 Round 
(1985 - 1994)
Country did 
at least one 
census in 
this round
2000 
Round 
(1995-
2004)
Country did 
at least one 
census in 
this round
2010 Round 
(2005-2014)
Country did 
at least one 
census in 
this round
Afghanistan 1 0 0 2015 1
Armenia 1 1989 1 2001 1 2011 1
Azerbaijan 1 1989 1 1999 1 2009 1
Bahrain 1 1991 1 2001 1 2010 1
Bangladesh 1 1991 1 2001 1 2011 1
Bhutan 1 0 0 2005 1
Brunei Darussalam 1 1991 1 2001 1 2011 1
Cambodia 1 0 1998 1 2008 1
China 1 1990 1 2000 1 2010 1
China - Hong Kong SAR 1 1986 1 1996 1 2006 1
0 1991 0 2001 0 2011 0
China - Macao SAR 1 1991 1 2001 1 2006 1
0 0 0 2011 0
Cyprus 1 1992 1 2001 1 2011 1
Georgia 1 1989 1 2002 1 2014 1
India 1 1991 1 2001 1 2011 1
Indonesia 1 1990 1 2000 1 2010 1
Iran, Islamic Republic of 1 1986 1 1996 1 2006 1
0 1991 0 0 2011 0
Iraq 1 1987 1 1997 1 0
Israel 1 0 1995 1 2009 1
Japan 1 1985 1 1995 1 2005 1
0 1988 0 1998 0 2008 0
0 0 2000 0 2010 0
0 0 2003 0 0
Jordan 1 1994 1 2004 1 2014 1
Kazakhstan 1 1989 1 1999 1 2009 1
Korea, Democratic People's Republic 1 1993 1 0 2008 1
Korea, Republic of 1 1985 1 1995 1 2005 1
0 1990 0 2000 0 2010 0
Kuwait 1 1985 1 1995 1 2005 1
0 0 0 2011 0
Kyrgyzstan 1 1989 1 1999 1 2009 1
Lao People's Democratic Republic 1 1985 1 1995 1 2005 1
Lebanon 1 0 0 0
Malaysia 1 1991 1 2000 1 2010 1
Maldives 1 1985 1 1995 1 2006 1
0 1990 0 2000 0 0
Mongolia 1 1989 1 2000 1 2010 1
Myanmar 1 0 0 2014 1
Nepal 1 1991 1 2001 1 2011 1
Occupied Palestinian Territory 1 0 1997 1 2007 1
Oman 1 1993 1 2003 1 2010 1
Pakistan 1 0 1998 1 0
Philippines 1 1990 1 2000 1 2007 1
0 0 1995 0 2010 0
Qatar 1 1986 1 1997 1 2010 1
0 0 2004 0 0
Saudi Arabia 1 1992 1 2004 1 2010 1
Singapore 1 1990 1 2000 1 2010 1
Sri Lanka 1 0 2001 1 2012 1
Syrian Arab Republic 1 1994 1 2004 1 2014 1
Tajikistan 1 1989 1 2000 1 2010 1
Thailand 1 1990 1 2000 1 2010 1
Timor-Leste 1 1990 1 2004 1 2010 1
Turkey 1 1985 1 1997 1 2011 1
0 1990 0 2000 0 0
Turkmenistan 1 1989 1 1995 1 2012 1
United Arab Emirates 1 1985 1 1995 1 2005 1
0 0 0 2010 0
Uzbekistan 1 1989 1 0 0
Viet Nam 1 1989 1 1999 1 2009 1
Yemen 1 1986 1 0 0
0 1988 0 0 0
0 1994 0 2004 0 2014 0
A
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Number of 
countries 
1990 Round 
(1985 - 1994)
Country did 
at least one 
census in 
this round
2000 
Round 
(1995-
2004)
Country did 
at least one 
census in 
this round
2010 Round 
(2005-2014)
Country did 
at least one 
census in 
this round
Albania 1 1989 1 2001 1 2011 1
Andorra 1 1989 1 0 2011 1
Austria 1 1991 1 2001 1 2011 1
Belarus 1 1989 1 1999 1 2009 1
Belgium 1 1991 1 2001 1 2011 1
Bosnia Herzegovina 1 1991 1 0 2013 1
Bulgaria 1 1985 1 2001 1 2011 1
0 1992 0 0 0
Channel Islands - Guernsey 1 1986 1 1996 1 2009 1
0 1991 0 2001 0 0
Channel Islands - Jersey 1 1986 1 1996 1 0
0 1991 0 2001 0 2011 0
Croatia 1 1991 1 2001 1 2011 1
Czech Republic 1 1991 1 2001 1 2011 1
Denmark 1 1991 1 2001 1 2011 1
Estonia 1 1989 1 2000 1 2012 1
Faeroe Islands 1 1990 1 2000 1 2011 1
Finland 1 1985 1 1995 1 0
0 1990 0 2000 0 2010 0
France 1 1990 1 1999 1 2006 1
Germany  1 1987 1 1995 1 2011 1
0 0 0 0
Gibraltar 1 1991 1 2001 1 2012 1
Greece 1 1991 1 2001 1 2011 1
Holy See 1 0 0 2009 1
Hungary 1 1990 1 2001 1 2011 1
Iceland 1 0 0 2011 1
Ireland 1 1986 1 1996 1 2006 1
0 1991 0 2002 0 2011 0
Isle of Man 1 1986 1 1996 1 2006 1
0 1991 0 2001 0 0
Italy 1 1991 1 2001 1 2012 1
Latvia 1 1989 1 2000 1 2011 1
Liechtenstein 1 1990 1 2000 1 2010 1
Lithuania 1 1989 1 2001 1 2011 1
Luxembourg 1 1991 1 2001 1 2011 1
Malta 1 1985 1 1995 1 2005 1
0 0 0 2011 0
Monaco 1 1990 1 2000 1 2008 1
Montenegro 1 1991 1 2003 1 2011 1
Netherlands 1 1991 1 2001 1 2011 1
Norway 1 1990 1 2001 1 2011 1
Poland 1 1988 1 2002 1 2011 1
Portugal 1 1991 1 2001 1 2011 1
Republic of Moldova 1 1989 1 2004 1 2014 1
Romania 1 1992 1 2002 1 2011 1
Russian Federation 1 1989 1 2002 1 2010 1
San Marino 1 0 0 2010 1
Serbia 1 1991 1 2002 1 2011 1
Slovakia 1 1991 1 2001 1 2011 1
Slovenia 1 1991 1 2002 1 2011 1
Spain 1 1991 1 2001 1 2011 1
Svalbard and Jan Mayen Islands 1 1990 1 2001 1 2011 1
Sweden 1 1985 1 0 2011 1
0 1990 0 0 0
Switzerland 1 1990 1 2000 1 2010 1
The Former Yugoslav Rep. of Macedonia 1 1991 1 2002 1 0
0 1994 0 0 0
Ukraine 1 1989 1 2001 1 2013 1
United Kingdom 1 1991 1 2001 1 2011 1
EU
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Number of 
countries 
1990 Round 
(1985 - 1994)
Country did 
at least one 
census in 
this round
2000 
Round 
(1995-
2004)
Country did 
at least one 
census in 
this round
2010 Round 
(2005-2014)
Country did 
at least one 
census in 
this round
American Samoa 1 1990 1 2000 1 2010 1
Australia 1 1986 1 1996 1 2006 1
0 1991 0 2001 0 2011 0
Cook Islands 1 1986 1 1996 1 2006 1
0 1991 0 2001 1 2011 0
Fiji 1 1986 1 1996 1 2007 1
French Polynesia 1 1988 1 1996 1 2007 1
0 0 2002 0 0
Guam 1 1990 1 2000 1 2010 1
Kiribati 1 1985 1 1995 1 2005 1
0 1990 0 2000 0 2010 0
Marshall Islands 1 1988 1 1999 1 2011 1
Micronesia, Federated States of 1 1985 1 2000 1 2010 1
0 1991 0 0 0
Nauru 1 1992 1 2002 1 2012 1
New Caledonia 1 1989 1 1996 1 2009 1
0 0 2004 0 0
New Zealand 1 1986 1 1996 1 2006 1
0 1991 0 2001 0 0
Niue 1 1986 1 1997 1 2006 1
0 1991 0 2001 0 2011 0
Norfolk Island 1 1986 1 1996 1 2006 1
0 1991 0 2001 0 2011 0
Northern Mariana Islands 1 1990 1 2000 1 2010 1
0 0 1995 0 0
Palau 1 1986 1 1995 1 2005 1
0 1990 0 2000 0 2010 0
Papua New Guinea 1 1990 1 2000 1 2011 1
Pitcairn 1 1991 1 0 2005 1
Samoa 1 1986 1 2001 1 2006 1
0 1991 0 0 2011 0
Solomon Islands 1 1986 1 1999 1 2009 1
Tokelau 1 1986 1 1996 1 2006 1
0 0 2001 0 2011 0
Tonga 1 1986 1 1996 1 2006 1
Tuvalu 1 1985 1 2002 1 2012 1
0 1991 0 0 0
Vanuatu 1 1986 1 1999 1 2009 1
0 1989 0 0 0
Wallis and Futuna Islands 1 1990 1 1996 1 2008 1
0 0 2003 0 0
O
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Number of 
countries 
(TOTAL) 
At least one 
census done 
round 1990
At least 
one census 
done 
round 2000
Worldwide 234 204 199 220
AFRICA 58 46 40 55
AMERICAS 51 45 47 49
ASIA 50 41 43 45
EUROPE 50 47 44 47
OCEANIA 25 25 25 25
%
At least one 
census done 
round 1990
At least one 
census done 
round 2000
WORLD 87% 85% 94%
AFRICA 79% 69% 95%
AMERICAS 88% 92% 96%
ASIA 82% 86% 90%
EUROPE 94% 88% 94%
OCEANIA 100% 100% 100%
At least one census done 
round 2010
At least one census 
done, planned or 
scheduled  round 2010
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ANNEX B: Immunization data by 
province, Mozambique (MISAU) and 
DHS 
 
 
 
 
Província BCG PÓLIO 1ª DOSE PÓLIO 3ª DOSE DPT/Hep.B 1ª DOSE DPT/Hep.B 3ª DOSE SARAMPO (VAS)
CRIANÇA 
COMPLETAMENTE 
VACINADA
NIASSA 101.9 % 107.5 % 86.6 % 104.4 % 84.1 % 82.7 % 63.0 %
CABO DELGADO 99.4 % 97.4 % 88.0 % 90.6 % 82.8 % 87.6 % 62.8 %
NAMPULA 127.8 % 120.3 % 101.1 % 117.0 % 97.9 % 107.3 % 69.5 %
ZAMBEZIA 110.3 % 113.5 % 94.6 % 108.7 % 89.7 % 97.3 % 71.1 %
TETE 152.7 % 160.3 % 135.0 % 155.8 % 129.2 % 141.6 % 102.4 %
MANICA 104.0 % 102.7 % 86.2 % 96.9 % 72.6 % 81.7 % 59.3 %
SOFALA 115.7 % 122.1 % 108.2 % 127.2 % 113.4 % 108.0 % 88.1 %
INHAMBANE 86.8 % 91.9 % 87.7 % 96.5 % 93.7 % 81.3 % 78.3 %
GAZA 92.5 % 90.4 % 85.1 % 90.9 % 86.5 % 75.8 % 71.9 %
MAPUTO PROVINCIA 85.5 % 89.9 % 88.2 % 89.9 % 88.9 % 83.4 % 98.8 %
MAPUTO CIDADE 106.3 % 76.6 % 71.6 % 76.9 % 71.7 % 68.0 % 78.0 %
Total 111.1 % 109.7 % 95.0 % 107.3 % 92.2 % 95.1 % 73.8 %
Periódo:01/2011 a 12/2011
P A V - BCG, DPT - HepB, Polio e Sarampo
Fonte: DIS-MISAU
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Source: Moçambique Inquérito Demográfico e de Saúde 2011, page 140. 
Available at : http://www.measuredhs.com/pubs/pdf/FR266/FR266.pdf 
[Accessed 25 June 2013]. 
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ANNEX C: Needs assessment 
questionnaire 
 
 
 
FEEDBACK FORM Burden of disease
LOGIC SKIPS
A. BACKGROUND INOFMATION (USER PROFILE)
1 What is your technical title or the answer that best 
describes your background? (please select one 
1 Medical Doctor
2 Nurse
3 Epidemiologist
4 Public health officer
5 Health economist
6 Environmental health officer
7 Data manager
8 Statistician
9 Scientist
10 Technnical officer
11 Researcher
12 Student (postgraduate)
13 Student (undergraduate)
14 Other (please specify)
2 Where do you work? (please select one answer only) 1 Ministry of Health
2 National Statistical Office / Bureau
3 National Research Institute
4 Research Academic Institution
5 International Organization (Country level)
6 International Organization (Regional level)
7 International Organization (Global level)
8 Nongovernmental organization (NGO)
9 Other (please specify)
3 Which country do you work in or for? 1 Please specify
B.PRIOR KNOWLEDGE ON BURDEN OF DISEASE
4 Have you ever heard of the burden of disease projects? 1 Yes
2 No, never SKIPQUESTION 5 AND GO TO QUESTION 6
5 If yes - how did you hear about the burden of disease projects?1 Online (please specify)
2 Literature
3 Through a colleague
4 Through a workshop / training / conference (please specify name, place and year)
5 As part of education
6 As part of professional activities 
7 Contribution to a burden of disease study
6 0 No knowledge only heard about it
1 Limited knowledge, no understanding around concept
2 Some kind of knowledge on concept
3 Good understanding of concept and principles but less understanding of the details
4 Good understanding of the analyses and methods
5 Expert in the burden of disease analyses and methods
You are being asked to provide feedback on the National Burden of Disease (NBD) toolkit having either attended a "Health Progress and Performance Reviews: Analysis, Methods and Tools"
 workshop in either 2010 or 2011, or made a request to receive the National Burden of Disease (NBD) toolkit. 
We would like to request that you take a few minutes to respond to some questions relating either to the training you attended and the use of the National Burden of Disease (NBD) toolkit
 since your participation in the workshop or to your request for the toolkit. 
The questionnaire is divided into 6 sections (I-VI) which include:
- Section I: Background information (1-3)
- Section II: Burden of disease (4-13)
- Section III: National Burden of Disease (NBD) toolkit (13-18)
- Section IV: Frequency of use of the NBD toolkit (31-32)
- Section V: Use of the NBD toolkit (33-58)
- Section VI: Future directions for the NBD toolkit (59-62)
This information will be helpful in improving the toolkit for future use by individuals/institutions/etc... or as part of capacity training efforts. The estimated time to complete the survey is
 between 5 minutes and approximately 20 minutes (depending on the amount time that has been spent using the NBD toolkit). More time will be required if you  have extensively
 used the NBD toolkit.  
We greatly appreciate the time you spend to provide us with feedback which will in turn help us improve the toolkit and its future use.
Thank you very much in advance for taking part in this questionnaire.
The NBD toolkit team
On a scale from 0 to 5, please rate your knowledge of 
the burden of disease projects
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7 How often do you refer to burden of disease 1 Almost never
2 Yearly
3 Monthly
4 Weekly
5 Daily
8 1 Very useful - I rely on them entirely
2 Useful - I rely on them partially (e.g. child mortality estimates)
3 Useful - I use them to compare with my own data
4 Not very useful - I don't really trust the estimates
5 Not useful at all 
9 1 To answer a research question
2 To compare and validate with national data
3 To make comparisons with nationally available data only
4 To use estimate in national reports (e.g. health 
strategy / plan or sector performance reviews, annual 
health sector reviews, national statistical reports)
5 To help set priorities
6 To inform policy
7 To help inform budgetary allocations
8 Other (please specify)
10 1 Child mortality only
2 Maternal mortality only
3 All age mortality
4 Cause-specific mortality / Causes of death for under fives only
5 Cause-specific mortality / Causes of death for all ages
6 Disability adjusted life years (DALYs)
7 All of the above
8 None of the above / I do not use burden of disease estimates
9 Other (please specify)
11 Do you have any concerns about using burden of disease estimates?1 Yes, there are many concerns and therefore estimates are not usedSWITCHED ANSWER ORDER ONLINE
2 Yes, there are concerns but estimates are useful as a comparison (referred to but not used)
3 Yes, there are some concerns but estimates are useful (referred to and used to some extent)
4 No, there are no concerns (referred to and heavily used)
5 Other (please specify)
12 Overall, would you say there is a need for burden of disease estimates?1 Y , definitely
2 Yes, but there should be more transparency around the data sources and methods used
3 Yes, are somewhat useful for comparsion purposes
4 No, other sources of data are more useful (e.g. household survey data)
5 No, national data are more reliable (e.g. HMIS or administrative data)
13 1 Yes, definitely helpful
2 Somewhat helpful
3 No, not helpful at all 
Overall,Is it helpful to provide a toolkit such as the 
NBD toolkit, which includes prior national burden of 
disease estimates and allows for national or sub-
national data to be input into the tool and compared 
with WHO prior estimates?
How useful are the burden of disease estimates in 
your work?
For what purpose do you refer or use burden of 
disease estimates?
Which burden of disease estimates do you refer to or 
use? (Multiple answers possible)
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Annex D: Cross mapping exercise 
establishing a core set of indicators 
 
i) 51 core indicators selected based on the 250 indicators included in the HSSIP 
 
 
 
 
 
 
 
 
 
Input & Processes (11) Outputs (10) Outcomes (23) Impact (6)
12
Health Services Index
22
Health determinants Index
1
General Government  allocated on health as %  
of total government budget 23
Risk factors index
46
Life Expectancy at birth
2
Total health allocation  per capita (USD)
13
 % of new smear + cases notified compared to 
expected (case detection rate) 47
Maternal Mortality Ratio  (per 
100,000 live birth)
3
Funds for EMHS allocated to the sectors’ budget 
as a % of needs 14
Proportion of population living within 5km of a 
health facility 24
%  pregnant women attending 4 ANC sessions
48
Perinatal Mortality rate  (per 1000) 
4
% of amount in the PHC conditional grants 
released on time to the sector 15
Per capita OPD utilisation rate (m/f)
25
% births attended by skilled health workers -
49
Infant  Mortality Rate (per 1000)
5
% recurrent budget allocation for operations / 
management (minus HR, and EMHS)
16
 % of health facilities without any stockouts of 
six tracer medicines
26
% children under one year immunised with 3rd dose 
Pentavalent vaccine 
50
Under 5 mortality rate  (per 1000)
17
% HCs IV with a functioning theatre (providing 
EMOC) 
27
% need of family planning satisfied 
6
 Annual reduction in absenteeism rate (m/f)?
18
% of confirmed outbreaks with a nationally 
recommended public health response within 24 
hours
28
  UFs who have slept under an ITN the previous night 
51
 % of households experiencing 
catastrophic payments 
7
Health Workers (doctors, midwives, nurses) per 
10,000 population 29
% pregnant women who have completed IPT 2
8
% of approved posts filled by trained health 
workers
19
% clients expressing satisfaction with health 
services
30
 % of pregnant women accessing comprehensive 
PMTCT package
20
TB treatment success rate
31
 % UFs with fever receiving malaria treatment within 24 
hours from VHTs 
9 Number of health facilities per 10,000 population 21 Hospital mortality rate (% all admissions) 32 % eligible persons receiving ARV therapy
10
% of health facilities with appropriate 
accommodation for all staff members
33
Secondary school year 1 enrolment rate (Females)
11
% of villages/ wards with a functional VHT, by 
district
34
 % people within 1.5 km (rural) or 0.2 km (urban) of an 
improved water source
35 % children with normal weight at birth
36
 % of infants exclusively breastfed BY the age of 6 
months 
37 % of households with a pit latrine 
38
% U5’s new visits with height  /age above lower line (PR) 
39
% children under 5 with weight /age above  lower line 
(PR) 
40
% of new outpatients with Body Mass Index under 26
41 Contraceptive Prevalence Rate
42
% adults aged 15-49 years who did not have sex with a 
non-marital, non-cohabitating partner in the last 12 
months (m/f)
43
% new outpatient adults (over 15) with diastolic BP under 
90
44
% adults (over 15) not using tobacco products (m/f)
45
% of population (m/f) aged 15-24 years with 
comprehensive correct knowledge of HIV/AIDS (m/f)
Infrastructure
Risk factors and behaviours
 Financial risk protection
Health status
Coverage of interventions
Health financing Information, Governance
Service access and readiness
 Service quality and safety
Workforce
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ii) Cross-mapping exercise: from national indicators to global indicators and 
identifying data sources 
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iii) Assessing baselines and targets 
 
 
 
 
 
 
 
 
 
 
 
Input & Processes (11) B
T 
2014/15
Outputs (10) B
T 
2014/15
Outcomes (24) B
T 
2014/15
Impact (6) B
T 
2014/15
12
Health Services Index
- 80 22
Health determinants Index
- 80
1
General Government  allocated 
on health as %  of total 
government budget
15 23
Risk factors index
- 80 46
Life Expectancy at birth
- -
2
Total health allocation  per capita 
(USD) 10.4 35 13
 % of new smear + cases notified 
compared to expected (case 
detection rate)
56 70 47
Maternal Mortality Ratio  
(per 100,000 live birth) 435 131
3
Funds for EMHS allocated to the 
sectors’ budget as a % of needs 30 80 14
Proportion of population living 
within 5km of a health facility 72 90 24
%  pregnant women attending 4 
ANC sessions 47 60 48
Perinatal Mortality rate  
(per 1000) 70 23
4
% of amount in the PHC 
conditional grants released on 
time to the sector
95 100 15
Per capita OPD utilisation rate (m/f)
25
% births attended by skilled health 
workers -
42 60 49
Infant  Mortality Rate (per 
1000)
76 41
5
% recurrent budget allocation for 
operations / management (minus 
HR, and EMHS)
15 16
 % of health facilities without any 
stockouts of six tracer medicines
26
% children under one year 
immunised with 3rd dose 
Pentavalent vaccine 
74 85 50
Under 5 mortality rate  
(per 1000)
137 56
17
% HCs IV with a functioning theatre 
(providing EMOC) 27
% need of family planning satisfied 
59 80
6
 Annual reduction in absenteeism 
rate (m/f)? 20 18
% of confirmed outbreaks with a 
nationally recommended public 
health response within 24 hours
52 80 28
  UFs who have slept under an ITN 
the previous night 10 60 51
 % of households 
experiencing catastrophic 
payments 
28
7
Health Workers (doctors, 
midwives, nurses) per 10,000 
population
1:18181  Service quality and safety 29
% pregnant women who have 
completed IPT 2 42 80
8
% of approved posts filled by 
trained health workers 51 75 19
% clients expressing satisfaction 
with health services 30
 % of pregnant women accessing 
comprehensive PMTCT package 25 80
20
TB treatment success rate
80 85 31
 % UFs with fever receiving 
malaria treatment within 24 hours 
from VHTs 
70 85
9
Number of health facilities per 
10,000 population
21
Hospital mortality rate (% all 
admissions)
32
% eligible persons receiving ARV 
therapy
53 75
10
% of health facilities with 
appropriate accommodation for 
all staff members
33
Secondary school year 1 
enrolment rate (Females)
11
% of villages/ wards with a 
functional VHT, by district Risk factors and behaviours
§
 % people within 1.5 km (rural) or 
0.2 km (urban) of an improved 
water source
63 80
35
% children with normal weight at 
birth 85
36
 % of infants exclusively breastfed 
BY the age of 6 months 60 80
37
% of households with a pit latrine 
67.5 72
38
% U5’s new visits with height  /age 
above lower line (PR) 90
39
% children under 5 with weight 
/age above  lower line (PR) 84.1 90
40
% of new outpatients with Body 
Mass Index under 26
80
41
Contraceptive Prevalence Rate
24 35
42
% adults aged 15-49 years who did 
not have sex with a non-marital, 
non-cohabitating partner in the last 
12 months (m/f)
36.2 (m) 
15.9 (f)
19 (m) 
8(f)
43
% new outpatient adults (over 15) 
with diastolic BP under 90
44
% adults (over 15) not using 
tobacco products (m/f)
45
% of population (m/f) aged 15-24 
years with comprehensive correct 
knowledge of HIV/AIDS (m/f)
38.2(m) 
31.9(f)
64(m) 
52(f)
Infrastructure
Service access and readiness
Coverage of interventions
Financial risk protection
Health status
Health financing Information, 
Governance
Workforce
goref:
Target year is 2011/12
goref:
Target year is for 2011/2012
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iv) Consultative process with key stakeholders to select core set of indicators 
 
 
Input & Processes (11) Outputs (10) Outcomes (23) Impact (6)
12
Health Services Index
22
Health determinants Index
1
General Government  allocated on health as 
%  of total government budget 23
Risk factors index
46
Life Expectancy at birth
2
Total health allocation  per capita (USD)
13
 % of new smear + cases notified compared to 
expected (case detection rate) 47
Maternal Mortality Ratio  (per 100,000 
live birth)
3
Funds for EMHS allocated to the sectors’ budget 
as a % of needs 14
Proportion of population living within 5km of a 
health facility 24
%  pregnant women attending 4 ANC sessions
48
Perinatal Mortality rate  (per 1000) 
4
% of amount in the PHC conditional grants 
released on time to the sector 15
Per capita OPD utilisation rate (m/f)
25
% births attended by skilled health workers -
49
Infant  Mortality Rate (per 1000)
5
% recurrent budget allocation for operations / 
management (minus HR, and EMHS) 16
 % of health facilities without any stockouts 
of six tracer medicines 26
% children under one year immunised with 3rd dose 
Pentavalent vaccine 50
Under 5 mortality rate  (per 1000)
17
% HCs IV with a functioning theatre (providing 
EMOC) 27
% need of family planning satisfied 
6
 Annual reduction in absenteeism rate (m/f)?
18
% of confirmed outbreaks with a nationally 
recommended public health response within 24 
hours
28
  UFs who have slept under an ITN the previous night 
51
 % of households experiencing 
catastrophic payments 
7
Health Workers (doctors, midwives, nurses) 
per 10,000 population
29
% pregnant women who have completed IPT 2
8
% of approved posts filled by trained health 
workers
19
% clients expressing satisfaction with health 
services
30
 % of pregnant women accessing comprehensive PMTCT 
package
20
TB treatment success rate
31
 % UFs with fever receiving malaria treatment within 24 
hours from VHTs 
9
Number of health facilities per 10,000 
population 21
Hospital mortality rate (% all admissions)
32
% eligible persons receiving ARV therapy
10
% of health facilities with appropriate 
accommodation for all staff members
33
Secondary school year 1 enrolment rate (Females)
11
% of villages/ wards with a functional VHT, by 
district
34
 % people within 1.5 km (rural) or 0.2 km (urban) of an 
improved water source
35 % children with normal weight at birth
36
 % of infants exclusively breastfed BY the age of 6 months 
37 % of households with a pit latrine 
38
% U5’s new visits with height  /age above lower line (PR) 
39
% children under 5 with weight /age above  lower line (PR) 
40
% of new outpatients with Body Mass Index under 26
41 Contraceptive Prevalence Rate
42
% adults aged 15-49 years who did not have sex with a 
non-marital, non-cohabitating partner in the last 12 months 
(m/f)
43
% new outpatient adults (over 15) with diastolic BP under 
90
44
% adults (over 15) not using tobacco products (m/f)
45
% of population (m/f) aged 15-24 years with 
comprehensive correct knowledge of HIV/AIDS (m/f)
Health financing Information, Governance Health status
Service access and readiness
Coverage of interventions
Risk factors and behaviours
Workforce  Financial risk protection
 Service quality and safety
Infrastructure
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v) Core set of indicators selected (22 indicators) – 4 indicators were subsequently 
added to the final core list (Annex D) 
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ANNEX E: HSSIP 2010/11 – 2014/15 
Core Indicators by Domain 
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ANNEX F: National Burden of Disease 
literature search terms 
DATAB
ASE 
 
SEARCH TERMS Results 
PubMe
d 
((burden[Title]) AND disease[Title]) AND (Afghanistan OR Albania OR 
Algeria OR Andorra OR Angola OR Antigua and Barbuda OR Argentina 
OR Armenia OR Australia OR Austria OR Azerbaijan OR Bahamas OR 
Bahrain OR Bangladesh OR Barbados OR Belarus OR Belgium OR Belize 
OR Benin OR Bhutan OR Bolivia OR Bosnia and Herzegovina OR 
Botswana OR Brazil OR Brunei Darussalam OR Bulgaria OR Burkina Faso 
OR Burundi OR Cambodia OR Cameroon OR Canada OR Cape Verde OR 
Central African Republic OR Chad OR Chile OR China OR Colombia OR 
Comoros OR Congo OR Cook Islands OR Costa Rica OR Cote d'Ivoire OR 
Croatia OR Cuba OR Cyprus OR Czech Republic OR Democratic People's 
Republic of Korea OR Democratic Republic of the Congo OR Denmark 
OR Djibouti OR Dominica OR Dominican Republic OR Ecuador OR Egypt 
OR El Salvador OR Equatorial Guinea OR Eritrea OR Ethiopia OR Fiji OR 
Finland OR France OR Gabon OR Gambia OR Georgia OR Germany OR 
Ghana OR Greece OR Grenada OR Guatemala OR Guinea OR Guinea-
Bissau OR Guyana OR Haiti OR Honduras OR Hungary OR Iceland OR 
India OR Indonesia OR Iran (Islamic Republic of) OR Iraq OR Ireland OR 
Israel OR Italy OR Jamaica OR Japan OR Jordan OR Kazakhstan OR Kenya 
OR Kiribati OR Kuwait OR Kyrgyzstan OR Lao People's Democratic 
Republic OR Latvia OR Lebanon OR Lesotho OR Liberia OR Libyan Arab 
Jamahiriya OR Lithuania OR Luxembourg OR Madagascar OR Malawi OR 
Malaysia OR Maldives OR Mali OR Malta OR Marshall Islands OR 
Mauritania OR Mauritius OR Mexico OR Micronesia OR Monaco OR 
Mongolia OR Montenegro OR Morocco OR Mozambique OR Myanmar 
OR Namibia OR Nauru OR Nepal OR Netherlands OR New Zealand OR 
Nicaragua OR Niger OR Nigeria OR Niue OR Norway OR Oman OR 
Pakistan OR Palau OR Panama OR Papua New Guinea OR Paraguay OR 
1153 
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Peru OR Philippines OR Poland OR Portugal OR Qatar OR Republic of 
Korea OR Republic of Moldova OR Romania OR Russian Federation OR 
Rwanda OR Saint Kitts and Nevis OR Saint Lucia OR Saint Vincent and 
the Grenadines OR Samoa OR San Marino OR Sao Tome and Principe 
OR Saudi Arabia OR Senegal OR Serbia OR Seychelles OR Sierra Leone 
OR Singapore OR Slovakia OR Slovenia OR Solomon Islands OR Somalia 
OR South Africa OR Spain OR Sri Lanka OR Sudan OR Suriname OR 
Swaziland OR Sweden OR Switzerland OR Syrian Arab Republic OR 
Tajikistan OR Thailand OR The former Yugoslav Republic of Macedonia 
OR Timor-Leste OR Togo OR Tonga OR Trinidad and Tobago OR Tunisia 
OR Turkey OR Turkmenistan OR Tuvalu OR Uganda OR Ukraine OR 
United Arab Emirates OR United Kingdom OR United Republic of 
Tanzania OR United States of America OR Uruguay OR Uzbekistan OR 
Vanuatu OR Venezuela OR Viet Nam OR Yemen OR Zambia OR 
Zimbabwe) 
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ANNEX G: WSH, diarrhoeal diseases and 
malnutrition search terms 
DATAB
ASE 
 
SEARCH TERMS Results 
PubMe
d 
 (water OR drinking-water OR hygiene) AND (nutrition OR 
undernutrition OR malnutrition) AND (child OR children OR under fives) 
AND (disease OR diarrhoea) (("water"[MeSH Terms] OR "water"[All 
Fields] OR "drinking water"[MeSH Terms] OR ("drinking"[All Fields] AND 
"water"[All Fields]) OR "drinking water"[All Fields]) OR ("drinking 
water"[MeSH Terms] OR ("drinking"[All Fields] AND "water"[All Fields]) 
OR "drinking water"[All Fields]) OR ("hygiene"[MeSH Terms] OR 
"hygiene"[All Fields])) AND (("nutritional status"[MeSH Terms] OR 
("nutritional"[All Fields] AND "status"[All Fields]) OR "nutritional 
status"[All Fields] OR "nutrition"[All Fields] OR "nutritional 
sciences"[MeSH Terms] OR ("nutritional"[All Fields] AND "sciences"[All 
Fields]) OR "nutritional sciences"[All Fields]) OR ("malnutrition"[MeSH 
Terms] OR "malnutrition"[All Fields] OR "undernutrition"[All Fields]) OR 
("malnutrition"[MeSH Terms] OR "malnutrition"[All Fields])) AND 
(("child"[MeSH Terms] OR "child"[All Fields]) OR ("child"[MeSH Terms] 
OR "child"[All Fields] OR "children"[All Fields]) OR (under[All Fields] 
AND fives[All Fields])) AND (("disease"[MeSH Terms] OR "disease"[All 
Fields]) OR ("diarrhoea"[All Fields] OR "diarrhea"[MeSH Terms] OR 
"diarrhea"[All Fields])) 
 
1088 
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ANNEX H: Assessing exposure 
i) For children with low weight-for-age compared to the median of the NCHS/WHO 
international growth reference, 
ii) The percentage of LBW newborns and 
iii) The mean and SD of the BMI for women 15-44 
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ANNEX I: Attributable Fractions (AF) 
and relative risk estimates used to 
apply the WHO methodology 
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ANNEX J: Cause specific burden and 
attributable mortality 
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ANNEX K: Steps for estimating burden 
of disease from malnutrition 
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ANNEX L: Statistical ANNEX of the CRA 
on Global Climate Change and AF for 
Protein-Energy Malnutrition (PEM) 
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ANNEX M: Results of mortality 
estimates attributable to malnutrition 
worldwide 
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ANNEX N: Results of DALY estimates 
attributable to malnutrition worldwide 
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ANNEX O: Geographical distribution of 
malnutrition child deaths attributable 
to unsafe water, sanitation and hygiene 
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ANNEX P: Percentage of malnutrition 
child deaths and DALYs attributable to 
unsafe water, sanitation and hygiene 
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ANNEX Q: UNHCR Health Information 
System: Ethiopia, Kenya and Tanzania 
Summary Reports for the year 2007 
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ANNEX R: Post-workshop assessment 
questionnaire 
 
 
C. NBD TOOLKIT
14 Did you attend a National burden of disease training session?1 Yes If answer is Yes - goes to question 15
2 No If answer is No - goes to question 25
15 1 Nairobi, Kenya (12-16 April 2010)
2 Cape Town, South Africa (11-15 October 2010)
3 Bangkok, Thailand (11-15 July 2011)
4 Doha, Qatar (12-15 December 2011)
5 Other (please specify)
16 1 Participant
2 Facilitator
3 Observer
17 1 Yes GO TO QUESTION 18
2 No SKIP AND GO TO QUESTION 59
18 Before attending the workshop on mortality and 
burden of disease, had you ever heard about the NBD 
toolkit?
1 Yes
GO TO QUESTION 19
2 No GO TO QUESTION 22
19 1 Colleagues
2 Online
3 Literature
4 Other (please specify)
20 1 Yes
2 No
21 For what purpose had you used the NBD toolkit 
before the workshop?
1 Please specify (max. 200 words)
22 1 Yes
2 No
23 1 Yes GO TO QUESTION 27
2 No GO TO QUESTION 24
24 If you have not used the toolkit since the workshop, 
please specify the reason(s) why.
1 No interest in this area of work
2 Not relevant to my area of work
3 Not a priority within my organization/institution
4 No time
5 Do not recall how to open and use
6 Other (please specify)
25 Did you request a copy of the NBD toolkit? 1 Yes If answer is Yes, goes to question 26
2 No If answer is No - SKIP TO QUESTION 59
26 1 Online
2 Through a colleague
3 At a meeting / conference /workshop
4 Other (please specify)
27 Did you encounter any technical issues in using the toolkit?1 Yes GO TO QUESTION 28
2 No, it worked fine GO TO QUESTION 29
Since the workshop, have you opened the NBD 
toolkit?
Had you ever used the NBD toolkit before attending 
the workshop?
If yes, where had you heard about the NBD toolkit or 
come across it?
Did you attend the session on the NBD toolkit?
Did you attend the workshop as (please select one 
answer only)?
Please indicate where the NBD training took place 
(Multiple answers possible)
How did you become aware of the NBD toolkit?
Since the workshop, have you used the NBD toolkit?
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28 If you encountered issues while using the toolkit, 
what kind of issues did you encounter (multiple 
answers possible)
1 Run-time errors
2 Microsoft application version issues
3 Macro enabling issues
4 Microsof Access not installed on my computer
5 Do not understand burden of disease concepts and methods
6 Other (please specify) 
29 How user-friendly did you find the toolkit interface to 
help you select a data view option and navigate 
1 Very user-friendly
2 Somewhat user-friendly
3 Not user-friendly at all
30 Overall, how user-friendly did you find the toolkit? 1 Very user-friendly
3 Somewhat user-friendly
4 Not user-friendly
D. FREQUENCY OF USE
31 1 Never used it
2 Once (for the purpose of my project)
3 2 - 5 times
4 5 - 10 times
5 More than 10 times
32 1 5 minutes or less
2 30 minutes
3 1 hour
4 Between 2 and 3 hours
5 Half a day
6 1 day
7 Between 2 and 5 days
8 More (please specify)
E. USE
33 What was your purpose in using the toolkit? 1 To answer a research question
2 To use results in a national report (e.g. Health strategy or annual health sector review)
3 To compare and validate with national data
4 To inform policy
5 To help set priorities (please provide examples)
6 To help inform budgetary allocations
7 Other
34 Please provide further information on the reasons, 
objectives and outcomes in using the toolkit? 
(Maximum 500 words)
1
35 Did using the toolkit answer any queries that you may 
have had/support the work you were trying to do?
1 Yes
2 No
3 Partly answered my query/queries
4 Not applicable
5 Why? (please specify)
36 1 Very useful
2 Useful
3 Somewhat useful
4 Not useful
5 Not useful at all
6 Not applicable
37 Have you shared the results/outcomes from the use 
of the toolkit?
1 Never
2 With colleagues (please specify context)
3 In a presentation (please specify context and 
audience e.g. conference, poster presentation, etc...)
4 Results have been published in a journal article
5 Other (please specify)
How useful did you find the toolkit as part of your 
work/research?
How long have you spent using the toolkit in total 
since receiving it?
How often have you used the toolkit since receiving 
it?
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38 Have the results/outcomes from the use of the toolkit 
had any effect on influencing policy or setting 
priorities? 
1 Yes (please provide specific examples below)
2 No
3 Add comment
39 Were you interested in estimates for one specific 
country or multiple countries?
1 1. One country (please specify below which country)
2 2. Multiple countries (please specify below which countries)
3. Not applicable (attended a training workshop)
40 1 Quick start
2 Basic analyses
3 Intermediate analysis
4 Comprehensive analysis
5 Different level depending on the purpose
41 What spreadsheets did you focus on? 1 Slide presentation (powerpoint slides summarizing main findings)
2 Disability-adjusted life years (DALY) workbook
3 Summary spreadsheets with all information
4 Risk factors (CRA)
5 YLD template (intermediate and comprehensive analyses only)
6 Other (please specify)
42 If your focus was on the DALY workbook, what 
specific information did refer to?
1 Set up information i.e. Population estimates or standard life expectancy
2 Mortality data - deaths by age, sex and cause - input data
3 Years of life lost due to disability (YLD) data - input data
4 Ranks and leading causes of death and disease for all ages
5 Ranks and leading causes of death and disease for 0-14 year olds
6 Ranks and leading causes of death and disease for 15-59 year olds
7 Ranks and leading causes of death and disease for 60 and older
8 Disease specific comparison spreadsheet
9 Deaths by age, sex and cause
10 Years of life lost due to premature mortality (YLL)
11 Years of life lost due to disability (YLD) by age, sex and cause data
10 Disability-adjusted life years (DALY) by age, sex and cause data
11 All of the above
12 A selection of the above (please specify)
13 I did not focus on the DALY workbook
43 Did you enter at the intermediate analysis level and 
make use of the feature of inserting your own 
mortality country data with automatic YLD 
modifications enabling comparison  with WHO 
estimates for the year 2004 by age, sex and cause?
1 Yes
2 No SKIP TO QUESTION 48
44 If you used the toolkit at the intermediate level and 
made use of the inserting your own mortality country 
data with automatic YLD modifications, were these 
data disaggregated by sex
1 Yes
2 No
45 If you replied yes to the previous question and you 
inserted your own mortality data, were these data 
available for all age group
1 Yes
2 No, only for selected age groups (please specify)
At what level of analysis did you use the toolkit?
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46 If you replied yes to the 2 previous question and you 
inserted your own mortality data, were these data 
available by cause of death
1 Yes, for all Global Burden of Disease (GBD) and 
injuries cause categories (100%)
2 Yes, for 80% or more of all GBD and injuries cause 
categories
3 Yes, for approximately between 60 and 79% of GBD 
and injuries cause categories
4 Yes, for approximately between 40 and 59% of GBD 
and injuries cause categories
5 Only for approximately between 20 and 39% of GBD 
and injuries cause categories
6 Only for approximately less than 20% of GBD and 
injuries cause categories
7 Yes, but I was only interested in inputting disease 
and/or injuries cause of death data relating to my 
project/interest/purpose
8 I realized how little national cause of death data 
werer available for my country/province/district
47 Please specify the source of the mortality data used 1 Complete vital registration system (85-100%)
2 Incomplete vital registration system - functional but inadequate (65-84%)
3 Incomplete vital registration system - weak (35-64%)
4 Incomplete or non-existant vital registration system - 
dysfunctional (less than 35%)
5 §
6 Health Management Information System (HMIS)
7 Census
8 Surveys (e.g. DHS, MICS, other) (please specify)
9 Epidemiological data from studies
10 Verbal autopsises
11 Demographic Surveillance Sites (DSS)
12
Updated WHO programme estimates (e.g. child, 
maternal, injuries, noncommunicable, TB, HIV/AIDS)
13 Other (please specify)
48 Did you enter at the comprehensive analysis level 
and make use of the feature of inserting your country 
data with cause-specific YLD modifications allowing 
comparison  with WHO estimates for the year 2004 
by age, sex and cause through revisions of mortality, 
incidence and prevalence of disease and injury?
1 Yes
2 No SKIPT TO QUESTION 50
49 1 Disease registers
2 Population surveys
3 Epidemiological studies
4 Health facility data
5 Other (please specify)
50 Did you focus on risk factors and open the CRA template?1 Yes
2 No
51 Did you generate any specific risk factor spreadsheets? 1 Yes
2 No SKIPT TO QUESTION 59
If you used your country data with cause specific YLD 
modifications, please specify the source of YLD data 
(data required to estimate YLD are: disability 
incidence, disability duration, age of onset, and 
distribution by severity class. These in turn require 
estimates of incidence, remission, case-fatality rates 
or relative risks, by age and sex.)
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52 If you generated risk factor spreadsheet, can you 
specify which ones? (multiple answers possible)
1 Alcohol
2 Underweight
3 Child sexual abuse
4 Contaminated injections in health care settings
5 Global climate change
6 High blood pressure
7 High BMI
8 High cholesterol
9 Illicit drugs
10 Indoor smoke from solide fuels
11 Iron deficiency
12 Lead
13 Low fruit and vegetable intake
14 Non use and use of ineffective contraception
15 Occupational airborne particulates
16 Occupational carcinogens
17 Occupational ergonomic stressors (e.g. back pain)
18 Occupational noise
19 Occupational risk factors for injuries
20 Physical activity
21 Tobacco
22 Unsafe sex
23 Unsafe water, sanitation and hygiene
24 Urban outdoor air pollution
25 Vitamin A deficiency
26 Zinc deficiency
53 When using risk factor spreadsheets, did you use 
input any of your own country or subnational data?
1 Yes (please specify what the data were and the source)
2 No, referred to the WHO Health Risks estimates
54 If you assessed or wanted to assess a specific risk 
factor, were you/would you be able to provide or have 
access to data related to the distribution of the risk 
factor exposure within the study population?
1 Yes 
2 No
3 Not applicable
55 If you assessed or wanted to assess a specific risk 
factor, were you/would you be able to provide or have 
access to data related to the exposure-response 
relationship for the risk factor?
1 Yes 
2 No
3 Not applicable
56 If you assessed or wanted to assess a specific risk 
factor, were you/would you be able to provide or have 
access to data related to the DALYs lost to disease 
for the risk factor of interest (or other epidemiological 
information, such as mortality rates or disease 
incidence, if DALYs are not available?
1 Yes 
2 No
3 Not applicable
57 Please provide any critical data gaps that you 
encountered when using the risk factor spreadsheets 
(open question)
1
58 Overall, what data gaps did you encounter when 
using the NBD toolkit for inputting your own data?
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F. FUTURE DIRECTIONS FOR THE NBD TOOLKIT
59 Overall, how helpful is it to provide a toolkit such as 
the NBD toolkit, allowing for own national dataor sub-
national data to be inputted into the tool where 
available allowing you to identify data gaps?
1 Yes, definitely helpful
 3 Somewhat helpful
5 No, not helpful at all 
60
In your opinion, should further work be invested in 
improving and updating the toolkit? 1 Yes
2 No
61 If you have any suggestions of future improvements 
for the toolkit, please use the box below to add your 
1
62 Do you have any other comments or suggestions? 1
THANK YOU FOR TAKING THE TIME TO ANSWER THE SURVEY!
For further information or questions, please don't 
hesitate to contact us at: nbd_toolkit@who.int
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ANNEX S: GBD 2004 cause categories – 
data input 
 All Causes 
I
. 
Communicable, maternal, perinatal and nutritional 
conditions 
 A
. 
Infectious and parasitic diseases 
  1
. 
Tuberculosis 
  2
. 
STDs excluding HIV 
   a. Syphilis 
b. Chlamydia 
c. Gonorrhoea 
d. Other STDs 
 
  3
. 
HIV/AIDS 
  4
. 
Diarrhoeal diseases 
  5
. 
Childhood-cluster diseases 
   a. Pertussis  
   b. Poliomyelitis  
   c. Diphtheria  
   d. Measles  
   e. Tetanus  
  6
. 
Meningitis* 
  7
. 
Hepatitis B  
   Hepatitis C  
  8
. 
Malaria 
  9
. 
Tropical-cluster diseases 
   a. Trypanosomiasis  
   b. Chagas disease  
   c. Schistosomiasis  
   d. Leishmaniasis  
   e. lymphatic filariasis  
   f. Onchocerciasis  
  1
0. 
Leprosy 
  1
1. 
Dengue 
  1
2. 
Japanese encephalitis 
  1
3. 
Trachoma 
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  1
4. 
Intestinal nematode infections 
   a. Ascariasis  
   b. Trichuriasis  
   c. Hookworm disease  
   Other intestinal infections  
   Other infectious diseases  
 B
. 
Respiratory infections 
  1
. 
Lower respiratory infections 
  2
. 
Upper respiratory infections 
  3
. 
Otitis media 
 C
. 
Maternal conditions 
  1
. 
Maternal haemorrhage 
  2
. 
Maternal sepsis 
  3
. 
Hypertensive disorders* 
  4
. 
Obstructed labour 
  5
. 
Abortion 
   Other maternal conditions  
 D
. 
Perinatal conditions* 
  1
. 
Low birth weight 
  2
. 
Birth asphyxia and birth trauma 
   Other perinatal conditions 
 E
. 
Nutritional deficiencies 
  1
. 
Protein-energy malnutrition 
  2
. 
Iodine deficiency 
  3
. 
Vitamin A deficiency 
  4
. 
Iron-deficiency anaemia 
      Other nutritional disorders 
I
I. 
Noncommunicable diseases 
 A
. 
Malignant neoplasms 
  1
. 
Mouth and oropharynx cancers 
  2
. 
Oesophagus cancer 
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  3
. 
Stomach cancer 
  4
. 
Colon and rectum cancers 
  5
. 
Liver cancer 
  6
. 
Pancreas cancer 
  7
. 
Trachea, bronchus, lung cancers 
  8
. 
Melanoma and other skin cancers 
  9
. 
Breast cancer 
  1
0. 
Cervix uteri cancer 
  1
1. 
Corpus uteri cancer 
  1
2. 
Ovary cancer 
  1
3. 
Prostate cancer 
  1
4. 
Bladder cancer 
  1
5. 
Lymphomas, multiple myeloma 
  1
6. 
Leukaemia 
   Other malignant neoplasms  
 B
. 
Other neoplasms 
 C
. 
Diabetes mellitus 
 D
. 
Endocrine disorders 
 E
. 
Neuropsychiatric conditions 
  1
. 
Unipolar depressive disorders 
  2
. 
Bipolar disorder 
  3
. 
Schizophrenia 
  4
. 
Epilepsy 
  5
. 
Alcohol use disorders 
  6
. 
Alzheimer and other dementias* 
  7
. 
Parkinson disease 
  8
. 
Multiple sclerosis 
  9
. 
Drug use disorders 
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  1
0. 
Post-traumatic stress disorder 
  1
1. 
Obsessive-compulsive disorder 
  1
2. 
Panic disorder 
  1
3. 
Insomnia (primary) 
  1
4. 
Migraine 
  1
5. 
Mental retardation, lead-caused 
   Other neuropsychiatric 
disorders 
 
 F
. 
Sense organ diseases 
  1
. 
Glaucoma 
  2
. 
Cataracts 
  3
. 
Refractive errors 
  4
. 
Hearing loss, adult onset  
   Macular degeneration and other sense disorders 
 G
. 
Cardiovascular diseases 
  1
. 
Rheumatic heart disease 
  2
. 
Hypertensive heart disease 
  3
. 
Ischaemic heart disease 
  4
. 
Cerebrovascular disease 
  5
. 
Inflammatory heart diseases 
   
Other cardiovascular diseases 
H
. 
Respiratory diseases 
  1
. 
Chronic obstructive pulmonary disease 
  2
. 
Asthma 
   Other respiratory diseases  
 I
. 
Digestive diseases 
  1
. 
Peptic ulcer disease 
  2
. 
Cirrhosis of the liver 
  3
. 
Appendicitis 
   Other digestive diseases  
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 J
. 
Genitourinary diseases 
  1
. 
Nephritis and nephrosis 
  2
. 
Benign prostatic hypertrophy 
   Other genitourinary system 
diseases 
 
 K
. 
Skin diseases 
 L
. 
Musculoskeletal diseases 
  1
. 
Rheumatoid arthritis 
  2
. 
Osteoarthritis 
  3
. 
Gout 
  4
. 
Low back pain* 
   Other musculoskeletal 
disorders 
 
 M
. 
Congenital anomalies 
  1
. 
Abdominal wall defect 
  2
. 
Anencephaly 
  3
. 
Anorectal atresia 
  4
. 
Cleft lip 
  5
. 
Cleft palate 
  6
. 
Oesophageal atresia 
  7
. 
Renal agenesis 
  8
. 
Down syndrome 
  9
. 
Congenital heart anomalies 
  1
0. 
Spina bifida 
  
 
Other Congenital anomalies 
 N
. 
Oral conditions 
  1
. 
Dental caries 
  2
. 
Periodontal disease 
  3
. 
Edentulism 
      Other oral diseases 
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I
II. Injuries 
  A
. 
Unintentional injuries 
  1
. 
Road traffic accidents 
  2
. 
Poisonings 
  3
. 
Falls 
  4
. 
Fires 
  5
. 
Drownings 
  6
. 
Other unintentional injuries 
 B
. 
Intentional injuries 
  1
. 
Self-inflicted injuries 
  2
. 
Violence 
  3
. 
War 
   
Other intentional injuries 
          
 
 
 
 
 
 
 
 
 
 
 
  
 
Page 241 of 248 
 
 
ANNEX T: NBD user-guide 
 
NATIONAL BURDEN OF DISEASE: Step-by-step user guide 
Background 
A National Burden of Disease (NBD) toolkit has been developed, which contains a set 
of spreadsheet templates for carrying out Years Lost due to Disability (YLD), Years of Life 
Lost (YLL), Disability-Adjusted Life Year (DALY) and Comparative Risk Assessment (CRA) 
calculations.  
These NBD summary tables represent WHO's prior estimates of the national burden 
of disease (NBD) and are intended to provide a starting point for more in-depth analyses 
by NBD study teams. It is hoped that such national studies will lead in turn to 
improvements in the GBD estimates at national, regional and global levels. These prior 
estimates should be interpreted as the most appropriate estimates of WHO, based on 
the evidence available to it by end 2007, rather than the official estimates of Member 
States. They have been computed using standard categories and methods to ensure 
cross-national comparability and may not be the same as official national estimates 
produced using alternate, potentially equally rigorous methods. 
Data sources 
The NBD templates contain WHO "prior" estimates of mortality and burden of 
disease for WHO Member States for the year 2004. These estimates are based on “The 
Global Burden of Disease: 2004 update” as published in October 2008.  
Mortality estimates are based on analysis of latest available national information on 
levels of mortality and cause distributions;  
YLD estimates are based on the GBD 2004 analyses of incidence, prevalence, duration 
and severity of conditions for the relevant epidemiological subregion, together with 
national and sub-national level information available to WHO;  
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Population estimates used for the GBD 2004 for WHO Member States for 2004 are 
those prepared by the UN Population Division in its 2006 revision. 
National Burden of Disease Toolkit 
The toolkit provides different levels of use and access for different purposes. 
QUICK START – Summarizes WHO disease estimates for the year 2004 by age, sex and 
cause 
BASIC ANALYSIS – Displays WHO disease estimates for the year 2004 by age, sex and 
cause, allowing for manipulation and generation of disease specific or risk factor 
summaries 
INTERMEDIATE ANALYSIS – Allows insertion of mortality country data with automatic 
YLD modifications enabling comparison with WHO estimates for the year 2004 by age, 
sex and cause 
COMPREHENSIVE ANALYSIS – Provides features for insertion of country data with 
cause-specific YLD modifications allowing comparison with WHO estimates for the year 
2004 by age, sex and cause through revisions of mortality, incidence and prevalence of 
disease and injury 
STEP BY STEP GUIDE 
Important note: These spreadsheets use Excel macros (which must be enabled) and 
Microsoft Access database (which must be available on the computer, but you don't 
need to know how to use it).  
The toolkit can be accessed through the folder and documents that you have been 
provided: 
On the memory stick, please go to: 
Day 1 - Session 2 - General epidemiological context 
 Burden of Disease 
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 Software_Tools_Methods 
 
Open the xls folder as indicated above 
 
 
Please click on the Excel spreadsheet “Home-National Burden of Disease toolkit.xls” 
as indicated above 
Once the set-up has been launched, the National Burden of Disease toolkit Home 
Page will appear as follows: 
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In this window, you will be able to: 
 Select one of the four suggested analysis; then 
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 Select the year of reference (only 2004 is currently available) 
 Select the country data required from the drop-down list 
 
Levels of analysis 
1. QUICK START – Summarizes WHO disease estimates for the year 2004 by age, 
sex and cause 
2. BASIC ANALYSIS – Displays WHO disease estimates for the year 2004 by age, sex 
and cause, allowing for manipulation and generation of disease specific or risk 
factor summaries 
3. INTERMEDIATE ANALYSIS – Allows insertion of mortality country data with 
automatic YLD modifications enabling comparison with WHO estimates for the 
year 2004 by age, sex and cause 
4. COMPREHENSIVE ANALYSIS – Provides features for insertion of country data 
with cause-specific YLD modifications allowing comparison with WHO estimates 
for the year 2004 by age, sex and cause through revisions of mortality, incidence 
and prevalence of disease and injury 
 
  All are linked directly to summary slides and tables 
At the quick start level, the accessible files include the following: 
- A presentation template (both in PowerPoint and in Excel) for generating 
graphs and tables on key aspects; 
- A summary sheet including all data 
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At the basic, intermediate and comprehensive analysis levels, the accessible files 
include the following (including those mentioned above), with enhanced features 
depending on the chosen level of analysis: 
- A presentation template for generating graphs and tables on key aspects of 
the above (all analyses); 
- A DALY summary file containing WHO estimates of deaths, YLL, YLD and DALYs 
by age, sex and cause for a given Member State and its region (all analyses), 
with the option of incorporating locally derived estimates and comparing 
these with WHO figures (intermediate and comprehensive analyses only); 
- A cause-specific YLD template containing WHO estimates of mortality, 
incidence, prevalence, duration and severity for any given cause for a given 
Member State and its region (for reference only at basic and intermediate 
analyses), with the option of incorporating locally derived estimates and 
comparing these with WHO figures (comprehensive analysis). Locally derived 
YLD calculated using this template can easily be inserted into the above DALY 
summary file (comprehensive analysis); 
- A CRA template containing WHO estimates of attributable mortality and 
burden from twenty-four selected risk factors for a given Member State and its 
region (basic, intermediate and comprehensive analyses) , with the option of 
incorporating locally derived estimates and comparing these with WHO 
figures (comprehensive analysis). 
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The intermediate and comprehensive analyses levels further contain: 
- A life expectancy and HALE template containing WHO estimates of life 
expectancy and health adjusted life expectancy for a given Member State and 
its region, with the option, at the comprehensive analysis level, of 
incorporating locally derived estimates and comparing these with WHO 
figures; 
 
 
Important note 
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For every analysis option, there is a presentation template which provides a default 
set of slides. To load the data into the slides, you need to have the excel file of the same 
name open at the same time, and then start the slide show, and on the first slide click 
the macro button to run the macro. 
To obtain more information on the NBD toolkit or fur user support, please send an 
e-mail to NBD_TOOLKIT@who.int.  
ABBREVIATIONS 
DALY Disability-Adjusted Life Year 
NBD  National Burden of Disease 
GBD  Global Burden of Disease 
YLD  Years Lost due to Disability 
YLL  Years of Life Lost 
 
